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Abstract. Coccids remained in the primary habitat — the forest litter — and retain¬ 
ed the primary, semiparasitic feeding behaviour much longer than any other Homoptera. 
Specialization to this habitat caused modifications of leg (one claw), wing shedding and lar- 
valization in female, dipterisin, polymorphism and degeneration of male, and origin of resting 
stages in male ontogeny. Main radiation occurred also in this time. With the appearance 
of angiosperins, coccids became true parasites. Apterisin in female directed their evolu¬ 
tion towards sedentary life behaviour and development of protective systems. Fragility 
of male brought about diverse and elaborated chromosome systems. The combination of 
adaptation to soil habitat with specialization to parasitic life behaviour made the scale 
insects peculiar with respect to morphology and biology. The appearance of main radiations 
before acquisition of parasitic life habit resulted in morphological diversity, heterogenity 
of endosymbiotic systems and convergency of protecting devices. Various aspects of this 
hypothesis are discussed in the paper. 
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I have not any concrete arguments 
to support this hypothesis, 
except logic and facts. 

Z. Mlynaf 


INTRODUCTION 

“Scale insects are some of the most fascinating and unusual organisms 
in the Inxccta" (Miller, Kosztahab 1979). “This family in some respects 
is one of the most anomalous of all Tnsecta ” (Imms 1948). “For more than a hun¬ 
dred years curious scientists have been intrigued, and often deceived, by coecids, 
because of the fascinating and unorthodox structures, life histories, and genetics 
exhibited by these insects” (Robinson 1977). This idea, expressed in various 
words, may be found in dozens of publications and handbooks of entomology. 

What is the reason for this peculiarity? There exists only one answer to 
this question: It is the “extreme specialization to parasitic behaviour on flow¬ 
ering plants”, or “unconventional approach to the plant parasitic regime” 
(Miller, Kosztahab l.c.) resi>onsible for the unusual features and phenomena 
in the scale insects. By means of this clue the morphology, development, evo¬ 
lution and phylogeny of scale insects are also interpreted. 

Pesson (1951) discussing the evolution and adaptation of the scale insects 
wrote: “Les divers faits biologiqucs et anatomiques exposes ci-dossus montrent 
que les Coccides, en memo temps quVUes doviemient des parasites sedentaires 
ou fix6s, subissent une regression morphologique souvent considerable”. And 
then: “Cette simplification organique peut done n’etre pas directement li£e au 
parasitisme, mais depends d’une evolution gimerale du groupe”. But he con¬ 
cluded: “On releverait ainsi un assez grand nombre d’exceptions a ce qui, dans 
Pensemble du groupe nous semble corresponds h une adaptation parasitaire. 
Cela ne suffit cependant pas i>our en nicr la realite”. 

Among many authors I studied, Pesson was perhaps the only one who 
was aware of the “relatively large number of exceptions” which might indicate 
that adaptation to parasitism on flowering plants was not the exclusive trend 
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of the coccid evolution. Unfortunately, Pesson disregarded these “abnormali¬ 
ties” according to the proverb “The exceptions prove the rule”. 

However, as we will see, it is not the problem of exceptions, but of the very 
nucleus of the conception. Many questions cannot be answered by means of 
this key, or the explanation and interpretation appear to be unsatisfactory; 
for instance, “when did the scale insects originate”, “why have they only one 
claw”, “are the females actually neotenic”, “what is the source of the endo- 
symbiosis heterogenity ”, etc. The only solution to this problem is “to forget” 
that the scale insects are specialized plant parasites, and try to answer question 
by question using other keys. 

And since the discussion of each question leads us back to the Paleozoic 
and Mesozoic times, when the appearance of the flowering plants was still 
expected, this study is entitled “The prehistory of the scale insects”. 

The names “scale insects” = “coccids” (like aphids, psyllids, etc), refer 
to the suborder Coccinea ; “archaic coccids” — “archaeococcids” = “ Archaeo - 
coceoidea ” refer to the superfamily Orthczioidea (= Margarodidae s.l. + Orthe- 
ziidae -f Phenamleachiidae)', respectively “advanced coccids” = “neococcids” = 
“ Neococroiden ” refer to the “ Coceoidea ”. For proper families scientific names 
are used. In quotations original names are retained. 

II. THE TIME OF ORIGIN OF SCALE INSECTS 

Coccidologists generally ignore the fossils. There is only one fossil species 
described by Beardsley (1969) and another one redescribed by Ferris (1941). 
The few other forms have been established by non-coccidologists. The status 
of the Permian and Triassic fossils, supposed to be related to scale insects, is 
controversial, but the amber fossils from Cretaceous 1 and Tertiary are evidently 
scale insects and, moreover, represent almost all'main groups of the recent fauna 
(Ferris 1957, Koteja 1984). 

Little attention has also been paid to the early stages of coccid evolution 
and phylogeny and to the conclusions provided by paleontologists. As a result, 
the coccidologists think about the scale insects in terms and figures of the 
present-day fauna, with some little changes which “certainly” occurred during 
Iheir more than 200 million-year-old evolution; and the paleontologists, on the 
other hand, discuss the phylogeny and evolution of an object which they to not 
know. 

Most entomologists (Martynov, Jeannel, Obenberger, Becker-Mig- 
disova, Evans) place the origin of the Hemiptera and the divergences Homo- 
ptera-lleteropiera , Auchenorrhyncha-Sternorrhyncha in Carboniferous, while the 


1 Kti.KK (185ft) in cm I ions 4 species of the Cretaceous age, but without giving names; 
I mean Eleclrococeus canadensis described by Reardslkt (1969) 
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radiation of Sternorrhyncha (Psyllinea-Aleyrodinea-Aphidinea-Coccinea) in Per¬ 
mian. Some students even believe that groups corresponding with the present-day 
superfamilies split in Lower Permian. 

Only few entomologists assume the scale insects to be very young. For 
instance, Keler (1950) says: “Es ist wohl phylogenetisch eine der ji tugs ten 
Insektcngruppen, die sich anscheinend erst in der zweiten Halfte des Meso- 
zoieums, im Zusammenhang mil der Entfaltung der Bluttenpflanzen, differen- 
ziert hat”. 

Since the main, if not the only, Paleozoic and Mesozoic object of studies 
is the structure of the wing, which in the recent coccids is extremely simple, 
and on the other hand, very little known, only a, limited number of paleontolo¬ 
gists have dealt with the fossil scale insects. 

Becker-Migdisoya (1902) assumes the Protopsyllidiidae to be the ancestors 
of the scale insects and includes them to the “Infraordo Cocoaria n . This group 
consists of small Homoptera (wing 2-0 mm long) known from Permian and 
Jurassic. All these forms are represented by wings only or wings and some 
body parts (e.g. Propatrix psilloides Beoker-Migdisova). Another fossil, without 
proper placement, Mesococcus asiaticns Beoker-Migdisova from upper Triassic 
is a wingless, elongate-oval, scale-like but with distinct segmentation (ventral 
face) insect, 1-2 mm long, with short legs, which makes an impression of a Cocci’ 
dacy Pseudococcidae or Monophlebidae. However, mouthparts and antennae are 
not preserved 1 . Beoker-Migdisova interpreted this form as an adult female 
or larva of scale insects. 

The above conceptions are accepted by Tkreznikova (1975), but other 
hemipterologists disagree with the assumption that the FrotopsiUidiidae may 
be related to t he scale insects; particularly Szeljjgiewtcz (1971) protests strongly 
against this conception and believes this group to be ancestors of the PsyUinea. 
As concerns Mesococcus asiaticu8 x Beardsley (1909), Danzig (1980) and Scielee 
(in ILennig 1980) hesitate whether this form may be associated with scale 
insects. 

A detailed discussion of the early (Permian) scale insects is presented by 
Szel^giewicz (1971). His reasoning is based on apomorphic wing features 
and the Uennig’s sister-group conception. According to Szelijgiewicz the 
Sternorrhyncha are monophyletic and branched off from the llomopteran stock 
in Carboniferous. At the end of this period, but at least at the transition to 
Permian, they branched into the Psylliformes (PsyUinea -f Aleyrodinea) and 
Aphidiformes (Aphidinea + Coccinea). The former radiated during the Lower 
Permian into numerous groups of which most died out in the Permian and 
Triassic, except PsyUinea and Aleyrodinea . The latter (Aphidiformes) much 
less abundant, gave rise to Aphidinea and Coccinea . The splitting of Aphidinea 
into Aphidoidea and PhyUoxei'oidea must have taken place in about the middle 


*In some recent reproductions (IIennig 1980) antennae are drawn! 
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of Lower Perm ion, because at that time already existed forms ( KaUanaphis ) 
which Szel^uiewicz considers to be actual ancestors of the Phylloxeroidea. 

Concerning the scale insects Szeujgiewicz assumes Tshekardaella tshekar- 
daensis Becker-Migihsova from Lower Permian to be a putative member 
of the coceid ancestors (this form has a long, distinctly 3-segmented tarsus), 
while Permaphidopsis sojanensis Becker-Migdisova from Upper Permian almost 
certainly as a member of such a group. Mesococcus asiatieux from Upper Triassic 
is also tentatively included among the ancestors of coccids. 

The factual basis of Szel^giewicz conception is rather poor. The inter¬ 
pretation of the wing structure by Patch (1909) and Schlee (1969) on which 
the reasoning is based must be taken with reservations; for instance, Schlee 
recognized in Sphaeraxpis priaxkaensix as many as 10 veins in the wing (see 
also comments by Morrison 1928), and Szelijgiewicz himself believes that 
scale insects have only one bristle on posterior wing, etc. 

In a recent paper Szel^giewicz and Popov (1978) assigned Permaphidopsis 
to the Protopsyllidiidae (ancestral group of Psyllinea ), while Tshekardaella to 
the extinct Archescytinidae, Thus, the conception of the coccid ancestors has 
radically been changed. 

JIknnig (1980) reviewed the Paleozoic and Mesozoic fossils and their inter¬ 
pretations. It seems likely from his discussion that all possible relationship 
combinations of the homopteran fossils have already been proved, with all 
possible conclusions. 

In spite of the differences in understanding various fossils from the Permian 
and Mesozoic, and any reservations that coceidologists may have concerning 
1 he interpertation of these forms, it is evident that the coccids or their ancestors, 
coexisted with psyllids, aleyrodids and aphids at least in tin* Permian. 

At the end of this part of discussion let us see how aphidologists imagine 
the phylogeny of the sister group of scale insects. IIeie (1967) in his comprehen¬ 
sive study on fossil aphids presented the following reconstruction of the aphid 
phylogeny (only some conclusions are quoted): 

— “The evolution of the aphids begins in the Carboniferous or during 
transition from the Carboniferous to the Permian”. 

— “Adelgidae and Phylloxeridae separated at an early time (Permian) 
and adapted themselves to Conifer ae and other gymnosperms, respectively, 
among the latter the primeval forms of Apetalae” 1 . 

— “Ileterogony may be older, but it is probable that the fixed cycle, 
at least in Adelgidae, has developed at a time around the glacial period in Lower 
Permian, with seasonal changes”. 

— “Some features characteristic of the aphids arose in connection with 
a reduction of the body size”. 


1 IIe\nk; (19S0) believes that the splitting of these groups oceurrcd in the Cretaceous! 
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— “Hormaphididae and Pempbigidae separated presumably in the Permian, 
the Triassic, or the Jurassic”. 

— “The remaining families... are developed... in the Cretaceous and early 
Tertiary in connection with the triumphal progress of the angiosperms”. 

— “The angiosperms partly 'inherit’ aphids from their gvmnosperm 
ancestors, partly receive polyphagous mutants from elsewhere”. 

— “Aphididae is a young family, whose evolution can probably be connect¬ 
ed with that of Rosales in the Early Tertiary”. 

It should be added that Heie based these conclusions, as far as paleonto¬ 
logical material is concerned, on the following Mesozoic fossils: Triassoaphis 
cubitus (Upper Triassic), Genaphis valdensis (Jurassic) and Ganadaphis carpenteri 
(Cretaceous). 

The only comprehensive conception of the phytogeny of scale insects that 
accounts time, presented by a coccidologist, is t hat of Bobchsenius (1956,1958). 
lie considered the scale insects to be very old and dated their origin as early 
as the late Devonian, with primary radiation (divergence of archacococcids 
and neococeids) and origin of main families in the Carboniferous, Permian and 
Triassic. The youngest group, according to Borchsenius, the Kermesidae, 
split off from the Eriocoecidae in Cretaceous. 

Bobchsenius based his view on the following statements: 

(1) The scale insects are extremely specialized and differentiated with 
respect to morphology, biology, ecology, cytogenetics, etc. 

(2) Both primitive and specialized groups, and even particular genera, 
are distributed all over the world, thus they must have appeared when the 
continents were still united, i.e., before the Jurassic. 

(3) The bulk of scale insects is represented in the tropics of the New and 
Old Worlds. 

(4) Numerous groups (according to Bobchsenius) are associated with 
gymnosperms. 

Paleontological evidence has not been taken int o consideration by Borch- 
semidb because Paleozoic and Mesozoic fossils of scale insects were not known 
at that time, or they were not recognized as potential relatives of the coccids. 

Following the idea of the early origin of the coccids Bobchsenius suggested 
that their primary hosts had been gymnosperms and that both coccids and 
those plants had evolved parallel. After the angiosperms had appeared, most, 
coccids changed the host and a few new groups originated (e.g. Kermesidae), 
but first of all, the appearance of the flowering plants brought about radiations 
mainly at generic aud species levels. 

The above conception has been accepted and supported with some paleon¬ 
tological data by Tereznekova (1975), while Buciineb (1965) provided argu¬ 
ments of endosymbiotic studies, but most coccidologists rejected such an early 
date of origin of the scale insects, as did some paleontologists (Hennig 1980). 

Hoy (1962) says: “The time of origin of the scale insects docs not appear 
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to have appreciably antedated that of the angiosperms, which is generally 
considered to be mid Cretaceous. If the Coccoidea did originate earlier than 
the angiosperms, there is, today, no evidence of exclusive association with 
gymnosperm hosts at family level in the Coccoidea , and exclusive association 
even at generic level occurs in relatively few genera”. 

Although Hoy recognizes “large” families, the species, genera and few 
small groups associated today exclusively with gymnosperms may actually 
be quite well considered as secondary parasites of these plants. This point has 
been strongly emphasized by Danzig (1980). (For further discussion see Chap¬ 
ter XV). 

Hoy further notes: “Borchsenits (1958) placed the origin of the family 
Apiomorphidae (...) in the Jurassic. The genus Apiomorpha is restricted to the 
plant genus Eucalyptus and is confined to Australia. Pike (1956) after examining 
fossil pollens could not confirm the presence of Eucalyptus even in the Oligo- 
cene”. The dating of the origin of Apiomorpha is tlien evidently erroneous, 
as is the association of this group with Stictococcidae suggested by Borciisenitjs. 
There are certainly other unlikely suggestions and interpretations in the con¬ 
ception of Borchsenius, but Hoy and Danzig who associate the origin of 
scale insects with angiosperms are also not consequent and logical in their 
views. 

Discussing the age of Eriococcidae , Hoy says: “The ancestral stock of the 
New Zealand Eriococcidae appear to have been in this country for a very long 
period, possibly from the late Cretaceous time”, lie further suggests Antarctica 
as the center of origin of this family. This leads to an unlikely conclusion that 
the origin of scale insects, their divergence and radiation into numerous specia¬ 
lized groups, and dispersion all over the world by means of intercontinental 
bridges and wind took place between the mid and late Cretaceous. (Some aspects 
of dispersion and distribution of scale insects have been recently discussed by 
Williams 1983.) 

Danzig (1980), like Hoy, associates the origin of the scale insects with 
angiosperms and the Cretaceous age, but says: “...even if the coccids had actually 
existed prior to the appearance of angiosperms, then these archaic forms did 
not survive”, and “there is no one evidence that the coccids existed before the 
Cretaceous”. However, whether the scale insects existed prior to the angiosperms, 
is one question, whether they survived, is another one, and whether there is 
paleontological evidence for their early origin is the third question; but one 
cannot discuss the evolution and phylogeny of any living creature without 
considering the time. Besides, Danzig, as a eoccidologist, may question the 
fossils of the coccids, but not those of the aphids or psyllids, and paleontologists 
are definitely certain that those groups existed throughout all Mesozoic, and 
in the Cretaceous were much specialized; from which group might the scale 
insects have evolved, then? 

Once again we must quote Hoy’s resolution because il reflects the very 
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nucleus of the question under discussion. He says: “Placing the origin of most 
of the families of the Coccoidea in the Carboniferous would allow the wide dis¬ 
persion of the ancestral stock of families at a period when the world’s vegetional 
and climatic patterns were much more uniform than they are now. If this had 
been the case, the present distribution of the Coccoidea has largely been the 
result of extinction of certain families and genera in some geographic areas 
and isolation and radiation of genera and species”. All those arguments are 
logical and fairly well supported by facts, but Hoy says: “The writer cannot 
agree with such conclusions, involving a very long period of stability at family 
level, a wide range of similar generic and species radiation, and similar host-range 
adaptations in several geographically isolated areas”. 

Concerning the stability at family level, paleontologists know even genera 
which morphologically were stabile through millions of years, and the Pliyllo - 
xeridae and Adelgidae (aphids) are supposed to exist through all Mesozoic, for 
which may be paleontological evidence. Besides, “stability at family level” 
may be understood as genetic isolation or genealogical continuity, and not 
necessarily as morphological stability. This point has strongly been emphasized 
by Hennig (1980): “It is important to distinguish between the origin of a group 
and the origin of the discrete morphological-functional structural type which 
now represents it”. Furthermore, convergence is one of the most evident and 
striking features of the coceid evolution, and this means exactly the same as 
“similar generic and species radiation” and “similar host-range adaptation”. 

Miller and Korztarab (1979) represent an “intermediate” opinion con¬ 
cerning the age of scale insects; they note: “Although useful fossil evidence is 
scarce, it seems likely that the Coccoidea diverged from the aphidoid sister 
group sometimes in Early to Middle Permian. The high degree of specialization 
of Electrococcus (Cretaceous) and the apparent small amount of divergence 
since Oligocene and Miocene times suggest that primary radiation occurred before 
the end of the Mesozoic”. 

It seems likely from the above discussion that the scale insects derived 
from the homopteran stock in the Carboniferous, and that the primary radiation 
occurred in the Permian and Triassic, but that the host, habitat, life behaviour 
and jhylogeny remained concealed until the evolution of flowering plants when 
they (coceids) appeared “suddenly” in numerous and diverse groups. It is also 
certain that the clue of resolving their early history lies in the question of their 
habitat and feeding behaviour. 

III. THE PRIMARY HOST AXD HABITAT OF COCCIDS 


There is an opinion that angiosperms are main hosts of the coceids and 
that the relatively few associations with gymnosperms might have originated 
secondarily. On the other hand, many facts indicate that the scale insects must 
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have existed long before the origin of angiosperms. Thus, we may assume, that 
all ancestral forms associated with gymnospertns died out for some reason, 
which is very unlikely, or that they were not plant parasites in the proper sense, 
which, at first sight, is even more unlikely. 

For the coccidologists the scale insects are so evidently plant parasites 
which suck only living tissues (parenchyma or phloem) that they do not imagine 
these insects could have ever had a different feeding behaviour. However, 
Heteroptera try to suck anything; to some extent also Homoptera may do it, 
and BucitNER (10H5), on the basis of symbiotic studies, arrived at a hypothesis 
that the ancestral Hemiptera might have been carnivorous. 

Furthermore, one should remember that the horaipteran piercing stylets 
are provided with two canals the salivary and sucking ducts — and that by 
means of this device not only liquids directly from the surface, but also solid 
food can be taken up (like in the Arachnida). This idea draws our attention 
to the possible primary habitat of the scale insects. Let us see what Wigglks- 
worth (1972) says: 

“The ancestral insects may have lived chiefly in the moist litter of the 
forest floor” ... “we should regard them as being originally “saprophytic” 
animals, feeding in the dead and decaying remains of plants, and particularly 
on the fungi and bacteria that are responsible for that decay”. 

Continuing this reasoning we may assume that the adaptation and speciali¬ 
zation to “true” parasitism on higher plants might have developed unevenly 
in various groups of the Homoptera. Some of them might have remained in the 
primary habitat, and adhered to the primitive feeding behaviour much longer 
than others, and undergone further specializations to this habitat. If this was 
the ease with the scale insects, they should exhibit much more numerous and 
striking features of soil inhabitants than the other Homoptera. This hypothesis 
will be proved in the following paragraphs. 

IV. THE COCCID LEG IS PRINCIPALLY A DIGGING ORGAN 

It is so obvious to us that there is only one claw on the coceid tarsus that 
we have never asked about the reason for this curious phenomenon. 

In the lnseeta one claw occurs in the Protura and CoUembola which appa¬ 
rently is a primary condition, and in a few species, genera and small groups 
of various orders as a result of secondary reduction. Exclusively all Avoplura 
and a large proportion of Mallophaga have only one claw. Among the Sternor - 
rhyncha one claw has been noted in a fossil aphid (Ueie 1997). 

In most cases, particularly in the Anoplura , Mallophaga , the water inha¬ 
biting Heteroptera and others, the modifications of the leg structure which 
involve reduction of one or both claws on some or all legs, are clear when viewed 
from the point of function. In the scale insects the reasons for the claw reduction 
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are obscure. Moreover, the habitat, life conditions and behaviour of sexes, 
development stages and groups of scale insects, that we know now, are so diffe¬ 
rent that we feel quite certain there cannot exist a common reason (function) 
by means of which wo could understand the loss of one claw both in the digging 
Margarodidae and sessile Diaspididae , in larva and adult, etc. On the other hand, 
it is evident that there must have been only one reason for which the ancestors 
of scale insects lost one claw, or that the stimulus for claw reduction was strong 
enough to force all the coccid groups, with no exception, to shed one claw. The 
assumptions that the loss of the claw is the first step in leg reduction, as a result 
of passing from a mobile to sedentary life behaviour in connection with para¬ 
sitism, or that all coccids “incidentally” lost the claw, are an absurdity. 

The coccid leg is further devoid of arolium, cmpodium, pulvillae and any 
other similar structures except digitules. The tarsus is one-segmented and the 
tibio-tarsal articulation is reinforced by some means or other. There may be 
articular sclerosis, the t ibio-tar,sal joint may be immobilized, or the two segments 
ma\ be fused without any traces of articulation. Supposedly in most or all 
instances these segments operate as one article the tibiotarsus. As a further 
result of this process both articles become subequal in length with the widest 
part in the middle. Eventually, the coccid leg is short in comparison with the 
body size, even if we take into consideration the hypertrophy of the body which 
certainly occurs to various extent in different groups. 

Taking into account the above-described structure of the coccid leg it is 
evident that such an organ is ineffective in climbing perpendicular and smooth 
objects and the walking back-down would not be possible at all. But the coccid 
leg fits very well the crawling directly on the ground, among and under soil 
particles, plant parts, humus, detritus etc. This kind of moving, being a com¬ 
bination of swimming and digging (or “swimming” among solid particles) does 
not require any adhesive organs and a double claw to fix the position of the 
tarsus. The leg is fixed by means of sticking the apex of tarsus into the soil, 
thus it should be short, sharp and tapered. All this indicates that the forest 
litter was presumably the primary habitat of the scale insects, in which, fur¬ 
thermore, they remained much longer than any other Homoptera , in any case 
long enough to bring about basic changes in the leg structure in all members 
of this group. 

In this context the characteristic coccid tarsal and ungual digitules may be 
understood as adhesive, and not sensory, organs which developed when the 
scale insects started to climb plants, to replace the missing claw and substitute 
any other adhesive primary pretarsal structures, if they existed at all. 

Spatulate or capitate setae (digitules) as clinging and sensory organs have 
developed independently in many terrestrial arthropods and occur in various 
groups of all Sternorrhyncha. In the scale insects they originated in all likelihood 
after the main radiation, i.e. convcrgently in various groups. As a rule there 
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is a pair of digitules inserted on the base of claw (ungual digitules) and the other 
one on tarsus (tarsal digitules), but there may be more than one pair on claw 
(Cryptokermes , Vltraooeloslotna , titomacoccus, Steingelia), and capitate clinging 
setae may also develop on the apex of tibia {Kuwania ). In primitive groups 
the digitules are acute and small, developed only on claw or tarsus, and in 
specialized groups they may secondarily disappear (in specialized diggers). 
In the Cocddae and similar groups both tarsal and ungual digitules are very 
strong, with large apical knobs, and the leg contacts with the ground only by 
means of the pretarsus in five points (4 digitules and apex of claw). 

Richard (1971) reported three digitules on claw and one on tarsus in the 
Stictocoecidae, and emphasized this phenomenon as unique in the scale insects. 
Although this condition is actually unique, it has been misinterj)reted by Ri¬ 
chard. In fact, there are two ungual digitules of which one is normally strong, 
the other significantly atrophied and functionally (!) replaced by one of the 
tarsal digitules which was translocated at the very apex of the tarsus and became 
morphologically close to the ungual digitulo. At the same time the other tarsal 
digitule took an asymmetrical position. Thus, tin* conditions in Slictococcidae 
represent an extreme form of asymmetry of digitules which occurs in many 
coccids. 

For discussing the primary habitat and life behaviour of the archaic scale 
insects it is of no importance what structure the single claw actually represents. 
It is a general view (Snodgrass 1935, Weber 1968) that scale insects had 
originally two claws (“lateral claws”) like other Pterygota, and that one of them 
atrophied, while the other became hypertrophied. 

The conditions in Phenacoleachia may support the above supposition. In 
this genus (in both known species and both sexes) the claw is provided with 
one typical coccid digitulo and a structure which definitely makes an impression 
of the other claw reduced to some extent (tarsal digitules are lacking). The 
occurrence of this condition in Phenacoleachia , a genus considered to be primi- 
tivc also with respect to some other features, is of particular importance. 

To agree with the above conception, one should also accept the hetero¬ 
geneous origin of the ungual digitules: one being a modified claw, the other 
a secondary, new struct ure. The occurrence of several digitules on claw ( Stein - 
gelia) provides arguments against this hypothesis. In this case we should assume 
a complete atrophy of one claw and an independent origin of ungual digitules. 

In Collembola , which have only one claw, the “ungual spur” sometimes 
may be strongly developed and play a role of the second claw (Boudreaux 
1979). Viewed at this angle, we may also consider the condition in Phenacoleachia 
as an ‘"attempt” to reconstruct the missing claw by means of a modification 
of the true ungual digitulo. 

Eventually, there should be mentioned the third, basically different, and 
rather unlikely hypothesis, that the unpaired coccid claw represents the “me- 
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dian claw” like that in Thysanura (Snodgrass 1935) or some other unpaired 
structure, for instance, paronychiurn in the Aleyrodinea (Obenbergeu 1957), 
while the lateral claws arc modified into digitules. 

(’losing this chapter 1 would like to emphasize that the term “digging 
organ” has been applied to the coccid leg in a general sense. It only means that 
among various functions that the hemipteran leg may perform, digging seems 
to correspond most closely with the structure of the coccid leg, but it does not 
mean that the leg represents a specialized digging organ. Even in tc “true” 
diggers (Margarodidae) the digging legs are primitive, i.e., they are only thicker 
and stronger than other legs, but their structure is the same. This feature is 
particularly striking when compared with the deep structural modifications 
of the digging legs in the Cicadoidea larvae. The same concerns also the digging 
behaviour and hypogeic mode of life which are primitive in ooccids while ex¬ 
tremely sophisticated in cicadas. The reason responsible for these differences 
is I lie starting point of the modifications: in Cicadoidea it was a “normal” 
walking leg to be modified, in scale insects a leg already significantly simplified. 
Similarly the “hypogeic” habitat with respect to the ancestral coccids should 
be understood as litter of the forest floor, and not in a narrow and strict sense 
applied, for instance, to the habitat of th(‘ larvae of some Cicadoidea. 

V. WHY THE COCCID FEMALE LOST THE WINGS 

The biological reasons for wing reduction in coccid females and the way 
in which this process followed are two different questions and will be discussed 
separately. 

W ing reduction occurs in all insect orders, but only in Mallophaya, Anoplura , 
Aphaniptera and the female of Coceinea it is complete, without exceptions, with 
no transiting forms, rudimentary organs or atavism. Among the reasons for 
wing reduction two play a major role: the parasitic life behaviour and hypogeic 
habitat. 

As far as the scale insects arc concerned, only the first reason has ever 
been taken into consideration. There is a generally accepted opinion (Weber 
1908, Tekeznikova 1975, Miller, Kohztarab 1979, Danzig 1980) that the 
loss of wings in coccid female is an adaptation to parasitic life habit and an 
expression of the very high level of parasitic specialization, or “unconventional 
approach to the plant parasitic regime”. Danzig (1980) says: “The females 
and larvae of scale insects food on sap taken up from the sieve-tubes of perennial 
plants. The. permanent source of food and the lack of necessity of searching 
for if directed the evolution of coccid females towards the wing reduction”. 

The above reasoning is much generalized because not parasitism as such, 
i.e., parasitic food uptake, but circumstances in which it takes place — the 
habitat of the parasite — is responsible for wing reduction. Anoplura and other 
parasites lost the wings because they lived among hairs, i.e., in conditions in 
which the wings are uncomfortable, making the movement difficult and being 
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exposed to damage. It means that the main reason for wing reduction in parasitic 
and hypogeic forms is exactly the same. As a matter of fact, complete wing 
reduction is for a plant parasite a fatal adventure because it greatly limits not 
only active dispersion but also host finding and changing. Among the Homopiera 
actually only very few species shed the wings completely. 

However, there is a much stronger argument against the hypothesis that 
wing reduction in coecid female might have been a result of parasitic life be¬ 
haviour. Since there is no exception to the rule, one should assume that the 
loss of wings occurred only once, at the very beginning of the coecid evolution, 
it is, when the ancestors of scale insects were represented by a single species, 
in the Carboniferous or Permian (!). It would be very difficult to call t his form 
“extremely specialized plant parasite”. 

To accept the alternative hypothesis we must assume that the coccid 
females shed the wings convergently in all groups, in the specialized and actually 
sessile Coccidae , Asterolecaniidae , Diaspididae , as well as in the primitive Orthe - 
ziidae , Phenacoleachiidae ?, Monophlebidae , etc., without exception (!). 

We can see from this discussion that it is not possible to associate in any 
logical way the wing reduction in coccid female with parasitic life behaviour. 

If not the feeding behaviour, then only the habitat of the ancestral coccids 
might have brought about the wing reduction in the female. This leads us again 
to the litter of the forest floor, i.e., to the habitat of the Myriapoda , Aptcrygota , 
Psocoptera , larvae and wingless adults of many insect orders. In contrast with 
the hypothesis that parasitism is responsible for the wing reduction, the present 
conception does not require the scale insects to lose the wings only once. In case 
of parasitism the possession of wings may be useful for the perasite, at least 
in some circumstances. For the inhabitants of the forest floor (except perhaps 
the social insects) the wings are always uncomfortable and “superfluous”. It 
means that the pressure of the soil habitat towards wing reduction is much 
stronger than that of parasitic life behaviour, thus the wing shedding in scale 
insects could have occurred simultaneously with the primary radiation or even 
after then, in any case, before the scale insects left the forest litter. 

It is clear that the above hypothesis radically changes the reason-result 
sequence, and the interpretation of the coccid phylogeny. Instead of a straight- 
lined evolution with one stimulus (parasitism) and the sequence — 

parasitism on flowering plants -► sedentary life behaviour -> 

-> wing reduction v development of protecting systems, there 

we have a curve-lined evolution, with two independent trends and t wo causal 
sequences — 


(a) soil habitat-wing reduction 

(b) apterism + parasitism-> sedentary life behaviour - ■■ > 

-> development of protecting systems 
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In other words: The loss of wings (caused by the soil habitat) at the begin¬ 
ning of the “true” parasitic career on flowering plants directed the evolution 
of scale insects towards sedentary life behaviour (reduction of legs) and stimu¬ 
lated the development of a diversity of highly specialized, and evidently con¬ 
vergent, protecting systems which, furthermore, involved significant modifi¬ 
cations of the female body, and in some instances also of the larva. And there 
was no other possibility: the wings once lost can never be rebuilt. 

VI. COCCID MALE AND CHROMOSOME SYSTEMS 

“Some of the most interesting features of coccid biology are the wide 
variety of sex-determination mechanisms and of chromosome behaviour (both 
referred to as “chromosome systems”)...; in coccids, the chromosome systems 
are more diverse than in any other animal group of comparable size”. (Nur 
1980). What are the reasons for this phenomenon? 

Nint says: “The various coccid families tend to differ in their mode of adap¬ 
tation, and thus may be considered to occupy different adaptative zones (as 
suggested by Miller and Kosztarab 1979)... However, ...several of the fami¬ 
lies analysed cytologically in some detail possess more than one chromosome 
system, while several others possess the same system. Thus, the origin of new 
families apparently was not triggered by the origin of new chromosome systems. 
This point was emphasized by Brown (...) in relation to the origin of the spe¬ 
cialization associated with the. leeanoid and diaspidoid groups of families. The 
realization that the evolution of chromosome systems was not closely associated 
with morphological evolution, however, does not rule out the possibility that 
some of the new chromosome systems may have conferred a selective advantage, 
either when they first arose, or after they were further refined. For example, 
male coccids do not feed during the third (prepupal), fourth (pupal) and adult 
stages, while the female may feed throughout her life. Thus, males may be more 
likely to die of dessication than the females. Moreover, while adult males survive 
at most for a few days, uninseminated females may survive for several weeks. 
It is likely, therefore, that under certain circumstances these differences between 
the sexes may lead to a shortage of males. Thus, the evolution of such chromosome 
systems, as thelytoky and hermaphroditism may have been adaptative because 
they dispensed with the males. Moreover, ...the fragility of the males may also 
have played a role in either the evolution or the success of some of the other 
chromosome systems”. 

Two points are important in the above citation: (a) that the evolution of 
chromosome systems is not strictly correlated with adaptation to different 
ecological zones, neither with morphological evolution, and (b) that the origin 
and/or success of the chromosome systems and their variety are associated with 
the fragility of the male. 

The former conclusion will be discussed later; now I would like to emphasize 
the logical sequence of the latter one (fragility of male - > peculiarity 
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of chromosome systems) because at some point of reasoning we might have 
been inclined to explain the degeneration of the male by means of elaborated 
chromosome systems. 

From the studies by Nuu we now know why the coccid chromosome systems 
are complicated and diverse, but we do not know why the male is gnat-like 
and why it undergoes a peculiar metamorphosis. As concerns the fragility, there 
is currently no other explanation than the suggestion that size-decrease 
a general evolutionary trend in plant parasites, c.g., the diminution of the body 
size is considered to be the main tendency of the evolution in the Aphidinea 
(Heie 1967). 

The same is suggested to the female of Coccinea (Pesson 1951, Danzig 
1980). Uowever, this suggestion is evidently not correct. The tendency to body 
decrease supposedly first occurred when the scale insects were still inhabiting 
the forest litter, which we now may see in the Ortheziidae: the more advanced 
forms (Newsteadin, Ortheziola) are smaller than the primitive ones ( Orihezia , 
Arctorthezia). When the scale insects became parasites of flowering plants some 
groups tended to be dwarf-like, the other gigantic. The divergence of these 
trends may best be seen in the eriococcids (s.l.). The primitive forms are medium¬ 
sized (Eriococcus and relatives), the specialized ones became dwarf-like (Pseudo- 
chennes, Cryptococcus, Kuwanina etc.), or large-sized ( Kcritics, Dactylophts, 
Apiomorpha). Similar conditions occur in the Pseudococeidae. 

It seems likely that parasitism, associated with sedentary life behaviour, 
and the mode of reproduction stimulate the female body rather to grow. In the 
viviparous aphids the differences in food abundance result in the number of 
larvae born. In (he egg-laying coceids, which as a rule stop feeding before ovi- 
position, the whole material for progeny production must be accumulated within 
the female body. Thus, the food abundance causes automatically body increase 
(Habib 1957, and others). 

The hypothesis of a general tendency of body-decrease in plant parasites 
cannot be applied either to the coccid male. IIeie ( 1967 ) says: “As they (aphids) 
are parasites on plants there is a very narrow limit of their body size, and they 
use air currents as a means of spreading”. However, although the coccid males 
are small enough to be dispersed by means of wind, at the same time they do 
not feed and, irrespective of size, live very short. It would be difficult to imagine 
that coccid males look for the females using air currents! It is clear that there 
must have been another reason for which the coccid males have become dwarf-like. 

As concerns the unusual metamorphosis, i.e., the occurrence of two resting 
stages (nnfeeding larva and pupa in Orthezioidea, prepupa and pupa in Coccn- 
idea) it is assumed that the pupal stages have been introduced to the male deve¬ 
lopment to overcome the deep structural differences between larva and imago 
(per analogy with the Holometabola), or because of different specialization 
between larva and imago. Danzig (1980) says: “And so, the transition (adapta¬ 
tion) of coceids to a sedentary life behaviour resulted in a modification of the 
development cycle. The females became neotenic, with only 2-3 larval instars 
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in place of 5 in the generalized Homoptera. In the males the different specializa¬ 
tion of larva and imago gave rise to the complete development and origin of 
a particular type of metamorphosis — the hypcrepimorphosis”. However, on 
the same page she writes: “The need of synchronizing (closing within the same 
period of time) the complete morphogenesis of male with the simplified mor¬ 
phogenesis of female brought about the origin of resting stages in the develop¬ 
ment of the male”. 

It is difficult to understand this way of reasoning. First, it is nuclear how 
adaptation of coccids to a sessile life behaviour may change the “specialization” 
of larva and male. Feeding in larva and mating in male are the only speciali¬ 
zations in all circumstances. Second, the resting stages arc present in all groups 
of scale insects, even in the most primitive ones being evidently not sedentary 
(for instance the Ortheziidae ), which means that the resting stages had originated 
much earlier than the scale insects became sessile, and prior to the main radia¬ 
tion. Third, the term “simplification of morphogenesis” is somewhat obscure; 
once it may be understood as a reduction in the number of larval stages, once 
as shortening of the time of development, once as “larvalization” or neoteny, 
but these phenomena are not correlated. The synchronization of development 
might have been quite well achieved by simultaneous reduction in male instars, 
as it actually occurs in some groups ( Stictococcidae , Polyntomophora). nowever, 
as a matter of fact, it would be more logical to expect an introduction of resting 
stages in male development in (lie case of prolongation of the female develop¬ 
ment. 

Fourth, unclear are the terms “complete or complex (sloinyj) morpho¬ 
genesis” in male, “simplified (uproSfennyj) morphogenesis in female”, and 
“complication (slo2nenie) of development”. If complete morphogenesis in male 
means that it undergoes a metamorphosis from larva to winged male (in eon- 
trast with wingless female), the “problem” of male metamorphosis remains 
exactly the same under all conditions and is definitely independent of the deve¬ 
lopment of the female, and also cannot be associated with passing to sessile 
life behaviour. But if “complete morphogenesis” and/or complete development 
means that resting stages are involved in it, the second citation of Danzk; paper 
(“The need of synchronization...”) is not an explanation but a tautology. 

Polymorphism of male is another peculiar feature of the scale insects. 
There may bo winged, brachypterous and apterous forms. Brachypterous and 
apterous forms may appear together with winged ones, one form may slightly 
precede the other (Dztedzicka 1901), or various forms may la* displaced among 
different generations (Besson 1951, Vinis, Kozak 1981). The apterous forms 
may undergo a complete metamorphosis, i.e., with resting stages (it is the rule), 
or without them (Vjnix, Kozak 1981). Eventually, polymorphism may occur 
in primitive groups ( Phenacoleachia) as well as in specialized ones. The apterous 
forms have, as a rule, simple eyes, but may have also compound eyes (fossil 
Malsucoceus, Koteja 1981). A strong polymorphism occurs also in related aphids, 
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but in this group it may bo understood on ground of their peculiar life cycles 
(hetcrogony, host-range, etc.). In scale insects the biological reasons for poly¬ 
morphism are difficult to trace, and 1 do not remember whether anybody has 
ever attempted to do it. 

It may be seen from the somewhat lengthy discussion that the current 
interpretation of the sexual dimorphism, polymorphism of male and particula¬ 
rities of postembrional ontogeny is not satisfactory, and that the clue to these 
questions may lie in the fragility of the male which has been pointed out by 
Nijr (1080) when discussing the possible reasons for the unusual chromosome 
systems in the scale insects. 

We have concluded in the preceding chapter that the supposed primeval 
habitat of the archaic scale insects exerted a strong pressure towards wing 
reduction, and that the females eventually lost the wings. The evolution of 
the male was directed by t wo stimuli: the habitat towards wing shedding, and 
reproduction, towards wing retaining. The coacting of t hese two factors resulted 
in the origin of four characteristic features of the ooccid male: 

(1) Tin* posterior wings are reduced to halteres or completely atrophied 
(the dipterization of the wing apparatus in the Coccinea is then biologically 
different from that in the Diptera , Strepsiptcra , Aphidinea and others). 

(2) The anterior wings are folded flat and overlapping along the abdomen 
in resting position which faeiliates the moving among soil particles, plant parts 

etc. 

(3) The males are polymorphic with respect to the wings, i.e., winged, bra- 
ehypterous and wingless forms have been accepted by the natural selection. 
During further evolution and adaptation to different ecological conditions the 
polymorphism has been retained or one morph has been preferred; for instance 
winged males in Fhenaeoleachia zealandica , apterous in Fh. australis; winged 
forms in Sieingelia , larviform in related Stomarocrus; winged in the Corridar, 
but polymorphic in related Aclerdidae , etc. 

(4) The males arc dwarf-like. Wo may hypothesize that, to reach the female 
elsewhere in the litter, among plant parts and soil particles, the male should 
be strong (to move the particles) or much smaller (to crawl among the particles) 
than the female. We may assume that for bioenergetic reasons the evolution 
preferred the latter way. 

Thus, in their prehistoric times, the coccid females lost the wings and the 
males became fragile, polymorphic gnats. With this condition the scale insects 
started their career as parasites of flowering plants. To achieve a success they 
had to develop some particular morphological, biological and physiological 
adaptations; among others, it was the diverse and complicated chromosome 
behaviour with various hereditary types, sex determination, parthenogenesis 
and hermaphroditism. 

The diminution of the male body could only be realized by an early stopping 
of feeding; however, without shortening of the time of development: the emcr- 
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gence of adult males and females must have been simultaneous. The only solution 
t o this problem was the t ransformation of the last male larval instars into resting 
stages. Tn the Coccoidea the third and fourth (prepupa and pupa) instars are 
immobile and unfeeding, in the Orthezioidea the third stage is imfeeding but 
mobile, while the fourth instar resembles the pupa. Subsequently, the wing 
buds in the resting stages became enlarged, whereas in the female larvae re¬ 
duced. In this way the paurometabolic metamorphosis became sexually diverse. 

This part of discussion may be summarized with the following causal se¬ 
quences (corresponding with those presented for the wing reduction in female, 
p. 473): 


(a) soil habitat 



dipterization +• polymorphism of male 


diminution of body size- 


origin of resting stages 


(b) fragility of male + parasitism on flowering plants- p 

-> elaborate chromosome systems 


VII.^HOW THE COCOID FEMALE LOST THE WINGS 

In the preceding chapters the ecological and biological reasons for wing 
reduction in female and origin of some particular features of male have been 
discussed. It is obvious that these phenomena have been realized by means of 
modifications of the postcmbrional development. However, the ontogeny of 
the coccids is such a vast and difficult problem that it must be discussed at 
another opportunity. Tn this paper the following may by suggested: 

(1) The scale insects are now considered to be almost certainly a sister-group 
of the aphids. Although the ontogeny of coccids is fairly distinct from that of 
aphids, it can easily be deduced from the latter which is undoubtedly plesio- 
tnorphic. 

(2) In comparison with the aphids, in male coccids the development of 
wings is retarded (only one or two proimaginal instars have wing-buds), a phe¬ 
nomenon occurring convergently also in other Helerometabola ; the two preima- 
ginal instars (as well as the imago) do not feed, and both, or only the last instar, 
do not move. 

(3) The reduction of wings in the male of recent species shows that this 
process involves a very deep regressive transformation of the cephalothorax, 
antennae, legs, sense organs, etc., so that the appearance of some wingless males 
is exactly the same as that of the larva. We may quite rightly assume that the 
reduction of wings, associated with the larviform body structure, had once 
happened in this manner also in the female. 
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(4) The simplification of male connected with wing reduction is realized 
in two ways: with retaining of resting stages (it is the rule), or with elimination 
of these instars, i.e., with lowering of the number of instars from five to four 
(Stivtococcidae) or three (Polyxtomophora ostiaplurima). The former process may 
be understood as “larvaluation", the latter as “neoteny”. 

(5) As concerns the female, supposedly we will never learn in which of 
the two possible ways it has become larviform. First, we must remember that, 
according to the present conception, the resting stages, like those in the male, 
have never existed in the female development, thus one cannot speak about 
elimination of “particular (resting) instars”, but only about “reduction of the 
number of any developmental instars”. On the other hand, it is evident that 
the reduction of larval instars is a general tendency in all insects. In the scale 
insects various numbers of larval stages occur in well defined and homogeneous 
groups, for instance in the Coccidae. Thus, we may quite safely assume that the 
structural simplification (larvalization) of the female, as a result of wing re¬ 
duction, and the lowering of larval instars, also followed independently. 

In this context the consideration of the coccid female as a neotenic larva 
(a widely accepted opinion) is somewhat problematic because, if we take the 
lowering of the number of larval instars (in comparison with the ancestors?) 
and/or morphological simplification of imagines as criteria of neoteny, then 
perhaps most of the insects should be termed neotenic. An argument to support 
the hypothesis that the coccid female is a neotenic larva might be the circum¬ 
stance that it grows after the last moult. However, the increase in body volume 
may be enormous in some groups, slight in others, while apparently absent in 
species in which the females do not feed. Thus, it is most likely that the signifi¬ 
cant growth of the last instar has appeared just recently in connection with 
parasitism, while structural modifications of the female body originated much 
earlier. 


VIII. THE COCCID ANTENNA IS PRIMITIVE 

Disregarding the evidently secondary, convergent and radical reductions 
of the antennae to stubs or plates in numerous groups of scale insects, it must 
l»e stated that the basic structure is more primitive than in any other group 
of the IloiHoptcm, with respect to the shape, segmentation and sensilla. 

In the Auchniorrhynclia the antenna is short, with flagellum represented 
by one article of unique shape, provided with specialized chcmoreceptors. In 
the Psyllinea, the flagellum, although composed of 6-8 segments, is clearly 
separated from pedicel and provided with special chemoreceptors (rhinaria) 
and 2 particular bristles at apex. A similar structure of antenna occurs in the 
Aleyrodinea, except that there are only 5 flagellar segments and 1 apical bristle, 
but rhinaria also are present. In the Aphidinea the flagellum is 1-4 segmented 
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with extremely specialized primary and secondary rhinaria, and tactile hairs 
are greatly reduced in winged forms. In tin* scale insects the flagellum consists 
of 1 to 13 (up to 23 according to Im ms 1948), normally 0-8 articles, with primitive 
chemorecoptors (thin-walled pegs) and numerous triehoid sensilla; specialized, 
rhinarium-like sensilla are entirely lacking. 

Chemoreceptors are important in finding the host and sexual partner. 
The level of their specialization depends on the distance possible to be covered 
by flying or only by walking. The antenna in the scale insects is basically a tactile 
organ and chemoreceptors represent primarily primitive conditions, both being 
characteristic of insects which make use of wings to a very limited extent or 
not at all. 

One could argue that the lack of specialized chemoreceptors is a result 
of secondary reduction associated with passing to a sedentary life condition. 
Had tin's been the case, we should have found some vestiges or traces of such 
specialized organs, at least in the most primitive groups, but we did not ; in all 
cocckls only peg-like chemoreceptors are developed (Ivoteja, unpublished). 
The reversion of rhinaria into peg-like sensilla seems even theoret ically impossible. 

The discussion on the coccid antenna may be summarized as follows: 

(1) The ancestral coceids lived for a long time in forest litter; the sense 
organs retained a primitive condition and the antenna served mainly as tactile 
organ. 

(2) The long-lasting pressure of the habitat towards wing reduction even¬ 
tually brought about the wing shedding in female and polymorphism in male. 
In that time other Hoviopiera were already plant parasites. 

(3) With t he appearance of flowering plants the scale insects also became 
parasites of those hosts, but being already deprived of wings and doomed to 
a passive dispersion and host finding, they retained primitive chemoreceptors, 
both in male and female. 

(4) A more and more sedentary life behaviour and development of pro¬ 
tective systems caused a secondary reduction of antenna, together with the 
sensilla, to complete atrophy in some groups. 

Thus, the primitive structure of the antenna and their sense organs provide 
strong arguments against the hypothesis that the scale insects had started their 
parasitic career as flying insects, and then, because of parasitic life behaviour, 
became sedentary and lost the wings. 

IX. THE EVOLUTIONARY PATTERNS OF THE LABIUM AND PIERCING 
STYLETS ARE EVIDENTLY DIFFERENT 

Hennig (1980) says: “The female labium (in cocckls) has been reduced 
to 1-2 segments, but the stylets are very long...” This statement is not correct. 
The coccid labium is 1-3, or even 4-segmcntcd, but is very short, with few ex¬ 
ceptions ( Phenacoleachia ), and sometimes overgrown by the integument, thus 
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invisible from exterior, or entirely atrophied together with other mouthparts 
(Koteja H>74), while the piercing stylets are extremely diversiform in length 
(and other features), and definitely independent of the size of labium, and, 
which may be surprising, independent of the habitat, feeding behaviour and 
systematic position of species. It is a complex question and has not yet been 
studied in detail, thus I may give only some “examples” to support the above 
suggestion. 

In Parthenolecanium car Hi the stylets are medium-sized, in Sphaerolecanium 
very long; both are Coccidae and in adult stage feed on twigs and branches of 
trees; the labium is of similar size. In Kaweckia glycerine , a grass infesting erio- 
coceid, the stylets are long, in Oreenisca brachypodii which also feed on grass, 
the stylets are very short; until recently both the species have been considered 
as congeneric. In female Lrcanopsis formic-arum, as in other members (larvae 
and adults) of the Eriapeltini , the stylets are very short, but in the larva long. 
The stylets may be long and short in primitive as well as in specialized groups. 
The same species may feed on soft leaves, on twigs, branches and stems, etc. 
The stylets may be twisted within the body like spirals, or may form single, 
double or multiple loops. Thus, with the piercing stylets we may observe the 
same diversity and “heterogenity” as in the chromosome systems and emlo- 
symbiotic devices. 

As concerns the labium, it has been shown (KOTEJA 1974) that its reduction 
(length, number of segments, scnsilla, etc.) follows in all scale insects and is 
independent of the feeding behaviour, but shows a correlation with the “level 
of specialization” of given groups. Thus, we may conclude, following Perron 
(1951), that reduction is a general tendency of coccid evolution. However, this 
may be a conclusion, but not a causal explanation of facts. 

II is necessary to distinguish between morphological reduction that results 
from reduction of function, and structural simplification associated with modi¬ 
fication of the function. The purpose of the latter is specialization and precision. 
The reduction of labium cannot be discussed in terms of functional reduction 
(except for the male, pupal stages and females of some groups) but only in the 
context of specialization. 

In some aphids the labium exceeds twice the body length. IIeee (1967) 
interprets this phenomenon by means of feeding habits: those aphids insert 
the long labium within bark crevices to reach the living tissues. This problem 
has been solved in the scale insects in quite a different way. In the most specia¬ 
lized forms like Xylocoecus } Matsucoccus, Beesonia , etc. the minute first stage 
larvae enters the narrow splits of bark and then, growing, enlarge the chamber 
which they inhabit and/or the plant tissues overgrow the larvae which do not 
leave the pseudogalls until maturity, or do not leave them at all. 

Now a question of the sequence of events arises. In the forms mentioned 
above the labium is very short, but the piercing stylets may be very long. We 
may assume t hat the reduction of the labium occurred because of the new feeding 
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behaviour, or reversely, the new feeding habit was adopted because the labium 
was too short and there was no other possibility to reach the plant tissue within 
the bark cracks. 

As has been stated earlier, significantly reduced labia also occur in primi¬ 
tive groups which life behaviour is slightly, or not at all, sedentary. Thus, it 
seems likely that the process of reduction of the labium had been initiated before 
the scale insects became sessile, and brought about by some other reasons. 
One may only guess that the short and broad labium was by some means asso¬ 
ciated with uptaking the food from decaying plant parts, fungi or the like. 

There arises a further conclusion from the phenomena described above. 
It is very likely that at least some groups acquired new ecological niches by 
means of the first stage larva. This assumption corresponds with the present-day 
dispersion which occurs mainly, if not exclusively, by means of this instar. 
Eventually, it should be noted that the diversity of the piercing stylets indi¬ 
cates the possibility that part of the coccid radiation occurred before the adapta¬ 
tion to “true” parasitism. Similar conclusions arise from the study of the sali¬ 
vary pump (Koteja 1976), but not of the labium which is much more “mono- 
phjletic”. 


X. THE MARSUPIUM BEARS WITNESS OF TIIE PRIMARY COCCID 

LIFE BEHAVIOUR 

There is another peculiar and unique (among the Stemorrhyncha) pheno¬ 
menon in scale insects that should be kept in mind. In the most primitive groups 
— the Ortheziidae and some Monophlebidae — the female carries tlio eggs in 
a marsupium. It means that neither the wing reduction can be taken as final 
result of parasitic life behaviour, nor the sedentary life habit as the only result 
of the wing shedding. 

The misinterpretation of the coccid evolution lies in the ambiguous under¬ 
standing of “immobility”. The lack of wings means only that the insect does 
not fly, but it may and can walk and run about. As we can see in numerous 
instances, the wing shedding resulted in an increase of activity by means of 
walking and running. The development, of marsupium in primitive scale insects 
indicates that wing reduction primarily was associated with increased walking 
activity in the forest litter and that the sedentary life behaviour, in a proper 
sense, is a secondary acquisition connected with parasitism on plants, when 
the attachment of eggs to anything “stabile” was possible at all. 

The complex, elaborated and diverse structure of the marsupium (Bie- 
lenin 1978) comparable, with respect to level of specialization, with the pro¬ 
tecting systems of the most advanced neococcids, demonstrates that the “run¬ 
ning about ” in forest litter with the eggs carried in the marsupium, has a very 
long history. We may assume that carrying eggs in the marsupium and attaching 
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of ovisacs and/or the female herself to plants have developed independently 
and parallelly, or that the former behaviour preceded the latter. The evidence 
that egg-carrying occurs in groups, which for various other reasons must bo 
considered primitive, indicates that attaching of egg layers is a derived beha¬ 
viour. In this context the overall presence of perivulvar pores in the neococcids 
could be considered as a remnant of the marsupial device. On the other hand, 
the circumstance that the most primitive neococcids show no traces of marsu- 
pium may support the view of independent development of marsupial devices 
only in the archeococeids. 


XI. ENDOSYMBIOSIS AND FEEDING BEHAVIOUR 

The endosymbiosis of animals with plant organisms is an important source 
of information on their evolution and phylogeny. However, with scale insects 
the information is controversial, thus it is difficult to draw any reliable con¬ 
clusions. 

Buchner (1965) associated the origin of endosymbiosis in coccids (and 
other Homoptera) with transition from cell-sucking to phloem-sucking; con¬ 
sequently, groups which live symbiont-free are primitive (“adhere to the old 
way of feeding”), or advanced because of secondary loss of symbionts associated 
with return to cell-sucking or for some other reasons (Tremblay 1977). Thus, 
according to Buchner (1969), Steivgelia, Matsucoccus , Xylococcus and Kuwania 
are primarily asymbiotic which coincides with the classification of Morrison 
(1928), but not with others (Kotkja 1974a, Danzig 1980, Miller 1983). 

The Apiomorphidae are considered to be close to the Eriococcidae (sometimes 
united within one family); they live in galls and change the feeding behaviour 
during their lives (Gullan 1983). Buchner did not find any rudiments of sym¬ 
biotic devices in these coccids; but other gall-producers have symbionts. 

Orthesin insignis artificially devoid of symbionts may live and reproduce 
for years, while Planococcus ciiri cannot; but in the same time the latter is given 
as an instance of parenchyma-sucker (Buchner 1965, p. 796 and 798, respec¬ 
tively). According to Banks (1977) the coccid pigments are of endosymbiotic 
origin; in fact, some pigment-producers ( Porphyrophora ) have cndosymbionts, 
while others ( Kermes , Dactylopius) have not. The symbionts in the Diasjiididae 
are yeast-like according to Buchner (1965), but bacteroid according to 
Tremblay (1977), etc., etc. 

The most important incongruity concerns the primordial conditions of the 
feeding behaviour. Buchner (1965) assumes that “all the JTemiptera were 
carnivorous originally and only gradually turned to sucking plant juices exclu¬ 
sively” which “manifestly requires symbionts”. With scale insects he agrees 
that “the present feeding habit was preceded by one that required no symbionts, 
namely, puncturing and sucking out cells of the plant host”. However, Strumpel 


http://rcin.org.pl 


484 


J. Kotcja 


(1983 and records cited herein) distinguishes “Systembibitoren” that suck out 
phloem and xylem, and “Lokalbibitoren” which take the food from cells, and 
considers the former (!) as primordial, while the latter as their derivatives. 
It is clear that phylogenic conclusions based on such assumptions must be fun¬ 
damentally different. 

The following evidence may be important in discussing the peculiarity of 
endosymbiosis in scale insects: 

(1) The Aleyrodinea and Psyllinea are phloem-suckers; among the Aphidiaea 
and Auchenorrhyncha about 95% of species take food from conducting tissues, 
the rest from cells, but in the Coccinea as many as 10% of species suck cells 
(Strumpel l.c.). 

(2) The endosymbioses in scale insects, particularly in comparison with 
aleyrodids and psyllids, are diversiform with respect to symbionts, their housing 
and embrional devices; they include primitive as well as extremely elaborated 
forms (Buchner 1965, 1969). 

(3) “The change in feeding habit brought about by the symbionts ...occurred 
very early in aphids, psyllids and aleyrodids, but. in eoccids... the symbionts 
were acquired only after the splitting had reached essentially its present stage... 
thus all indications which would allow, (as with other Homoptera ), the exposure 
of a monophyletic tree (of symbiosis) are thoroughly lacking” (Buchner. 1965). 
Tremblay recognized about 20 endosymbiotic types in the coccids. 

(4) The asymbiosis is “surprisingly frequent” among the coccids and occurs 
in both Orthezioidea and Coccoidea ; sometimes it is evidently a secondary loss 
of symbionts ( Hippeocoecus ), but possibly may also be of primary nature (Buch¬ 
ner l.c.). 

(5) In coccids the “inclination to admit additional symbionts is in general 
moderately developed and often occurs sporadically” (Buchner l.c.); there 
are only few species with 2-3 symbionts, while in Auchenoirhyncha as many 
as 6 may occur. 

Based on this evidence and some other data the* origin of the peculiar endo¬ 
symbiosis in scale insects may be* interpreted as follows: 

The ancestral Homoptera did live with endosymbionts from their “very 
beginning”, although not necessarily in a manner that we may now sec in the. 
cockroaches. The host-symbiont interactions might have been at low level, 
the symbionts not so “indispensable” and frequently exchanged. This assumption 
may be supported by the facts that (a) the transmission of the symbionts is 
now exclusively transovarial in all Homoptera , (b) mycetomes represent the 
main type of housing symbionts, (c) some of the bacteroid symbionts are extre¬ 
mely specialized (among others, they cannot be cultivated on artificial diets), 
and in all likelihood have undergone a large proportion of their evolution in 
endosymbiosis (maybe, they are derivatives of one or only few forms), (c) tin* 
most primitive Homoptera (Peloridiidae) have symbionts in mycetomes. 

Homoptera changed the feeding behaviour according to the sequence — 
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scmisaprophagio mixed diet — puncturing any tissues of vascular plants — 
puncturing conducting tissues (system bihitoring) — return of some groups to 
cell-sucking (localbibitoring) peculiar feeding behaviours (e.g. association 
with ants) connected with loss of symbionts. 

The transition from a generalized symbiosis to an advanced and indispensable 
was bound with passing from ecll-puncturing to phloem-sucking, i.e., elaborated 
eiulosymbioses opened for the Homoptera an abundant source of food. This 
and the former paragraphs join the contradictory views of Buchner (1905) 
and Strumpel (1983) concerning the primordial feeding behaviour of the Ho - 
moptera. 

The splitting off from the hornopteran trunk and leaving the primary ha¬ 
bitat and feeding behaviour as well as further divergence of particular groups 
and evolution of their endosymbioses followed independently to some extent 
and brought about the following result: 

- The Auchenorrhyncha first branched off from I lie ancestral Homoplcra 
and at the same time changed the feeding behaviour, thus their endosymbiosis 
is monophyletie, mull isymbiotic, extremely complicated, with numerous new 
acquisitions and substitutions. 

— Next derived the Aleyrodinea and Psyllium. They soon changed the 
feeding habit, but retained a narrow specialization; their symbioses are mono* 
phyletic, with few new acquisitions. 

— The Aphidinea changed the feeding habit after they diverged at least 
into the main groups - Phylloxeroidea and Aphidoidea - thus the endosymbio¬ 
ses of these groups and their future evolution is different. Only very few new 
acquisitions of yeasts are known. 

The Coccinea remained for a long time in the primary habitat and each 
of the already diverged groups changed individually and in different time the 
feeding behaviour and endosymbiosis. Therefore, the systems seem to be poly- 
phylctic, diversiform with respect to type and specialization level, with few 
symbiont species in one host, few new acquisitions, although mainly of yeasts, 
but with numerous asymbioses assoc iated with some progressive modifications 
of feeding behaviour which, however, are little known. 

The conditions within the scale insects correspond with the above hypo¬ 
thesis. The Ortheziidac live in the primary habitat and continue the primitive 
feeding behaviour. They are generalized morphologically (particularly the 
male), have primitive bacteroid symbionts, but. can live symbiont-free. The 
Diaspididae are narrowly specialized, but supposedly an old group, with homo¬ 
geneous morphology and monotonous symbiosis with bacteroids. The Pseudo - 
cocci dae are an old but diverse and progressive group; they join various types 
of endosymbiosis, including acquisition of yeasts and secondary asymbiosis. 
The Erioeocvidac s. 1. are the most diverse representatives of the scale insects, 
with numerous asymbiosis ( Kennes , Apiomorpha , Dactylopins, Oraticoccus). 
The advanced groups — Sticlococcidae , Tachardiidac , Corvidae , Lecanodiaspididac , 
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Aderdidae — acquired yeasts, but most lost the baeteroid symbionts. The 
complicated and obscure phylogenic relationships of the Ortliezioidea arc* well 
expressed by the conditions of the endosymbiosis (Buchner 1969). 

Of particular interest are the cases of asymbiosis. If the asymbiosis in the 
above mentioned groups is primordial, wo must assume that the acquisition 
of symbionts in the remaining groups (morphologically apparently more primi¬ 
tive) of eriococcids (s.l.), i.e., their transition to phloem-puncturing, is a very 
young phenomenon, which is very unlikely. More likely is the assumption 
that these groups lost secondarily the endosymbiosis, retained by the genera¬ 
lized eriococcids. Possible, the same interpretation could be applied to the 
symbiont-free members of the Ortliezioidea , although Buchner (1909) strongly 
emphasized the primary nature of their asymbiosis. 

As a matter of fact, the endosymbiosis of scale insects is very little known; 
maybe, further studies will reveal that it is not at all polyphyletie, but repre¬ 
sents a complicated type of monophyly, as in the Auchenorrhyncha. 


XII. COCCID WASP PARASITES 

The Goccoidea (Neococcoidca) are abundantly parasitized by Hymenoptera , 
while the Orthezioidae (Archaeococcoidae) are not. According to IIosen and 
DeBach (1977) “there seem to be very few reliable, authentical records of 
primary parasitic Hymmoptera attacking the Archaeococoaidea” . The authors 
further state: “Although large gaps in our knowledge admittedly exist, it 
uppers as (hough the association of parasitic Hymmoptera and scale insects 
has evolved only after the Neococcoidea completely separated from the Archaeo- 
coccoidea 11 . 

The suggestion that the association of parasitic wasps with the scale insects 
originated after they had ramified into the main branches does not explain 
why this association occurred only in one, more advanced group. 

II is not possible to answer this question by means of zoogcographical 
factors, since the distribution of the Ortliezioidea and Coccoidea is the same 
and has, very likely, the same history. To explain the particular association 
of ChdU-idoidea with the Coccoidea on geographical basis we should assume 
that this association originated and evolved in a zone in which the Ortliezioidea 
were absent, or were extinct, which is unlikely and not supported by any facts. 

The question is the more so difficult that the Chaleidoidea parasitize a very 
wide spectrum of hosts, including various insect orders and Arachnoidea , and 
some are also phytophagous. Members of one coccid family may be attacked 
by parasites of several chalcidoid groups, and reversely, parasites of one family 
may develop in various groups of scale insects. It seems likely from this evi¬ 
dence that the host-parasite associations originated many times, and at different 
taxonomic levels. 


http://rcin.org.pl 


Essay on scalo insects 


487 


One of the possible solution of the dilemma lies in the eeological field. 
Rosen and DeBach (1977 and references quoted herein) recognize five dis¬ 
tinct. steps in the process of “finding” the host by a parasite, and state: “Habi¬ 
tat selection is the first, and sometimes most important, step. Before actually 
searching for its host, a parasite seeks a certain environment, a. certain micro- 
habitat. Certain scale insect parasites, for instance, have been shown to be 
differentially attracted to various plant species. Sometimes this is as far as 
the selection process goes. Many Ichneumonidae are known to be habitat-spe¬ 
cific, attacking a wide range of hosts occurring in their preferred microliabitat. 
The Chalcidoidea , on the other hand, usually also exhibit marked liost-specifity”. 
The following steps are the “host finding”, “host acceptance” (or “psychological 
selection”), “host suitability” (or “physiological selection”) and “host regula¬ 
tion”. 

Although the above remarks refer to the behaviour of an individual, pre¬ 
sent-day parasite, it is clear that the host-parasite associations phylogenctically 
evolved in tho same pattern. And it is also evident that the first step, empha¬ 
sized by Rosen and DeBach as very important in the present conditions, 
was, the more so, significant in the origin of the host-parasite associations. 
This simply means that the potential parasite looked for its potential host 
in its own microhabitat. 

The Hymenoptera are well-flying insects and their expansion was con¬ 
nected with the flourish of tho angiosperms. They certainly looked for their 
victims in the crowns of the flowering plants. If the assumption that the ancient 
scale insects lived for a long time in the forest litter, and that tho evolution 
of the Coccoidea- (neocoeeids) was connected with the transition to the new 
ecological niches — tin' above-ground parts of flowering plants — is correct, 
we may also assume that this fact was the condition of the origin of the coccid- 
chalcidoid association. According to this conception we should also believe 
that the transition of some (in fact numerous) members of the ancient scale 
insects (Orthezioidea) to the above-ground habitat occurred much later, and 
that the Chalcidoidea , being already specialized parasites of the Coccoidea , did 
not recognize in them members of scale insects and potential victims. Maybe, 
further investigations will discover sporadical wasp parasites of the Orthezioidea , 
and the phylogenic position of the parasite will tell us whether these associa¬ 
tions are new, or relief ones. Unfortunately, paleontological evidence of Chalci¬ 
doidea is very scarce and hymenopterologists rather expect some information 
from (lie coccidologists (Nikolskaya 1952). Finally, it may be added that 
the Orthezioidea (apparently only eggs) are parasitized by some Dipfera which 
phylogenctically are certainly much younger parasites than the Hymenoptera . 

There are some arguments to support the above hypothesis. For instance, 
in the Corvidae both larvae and females are attacked by parasites. It may be 
the same parasitic species or different ones, which apparently depends on phono¬ 
logical factors, but in Lecanopsi* formicaram only adult females are attacked 


http://rcin.org.pl 


488 


J. Koteja 


by two parasitic Chalcidoidea (Boratynski, Pancer-Koteja, Koteja 1082). 
In this eoccid the larvae live on underground ])arts of grass from July to May 
next year, while females appear above ground for mating and oviposit ion in 
May and June. Among thousands of larvae examined, only in two or so dead 
parasites have been noticed, while 50-100% of adult females were parasitized. 
It is quite likely that the mentioned larvae for some reasons might have deve¬ 
loped above ground and in this way became victims of the parasites. The under¬ 
ground habitat of Lecanopsis larvae is undoubtedly secondary and very young. 

In numerous scale insects the entire development follows under the ground 
(Enripersiaj Rhodania , Chactococcus , etc.), and at least in some of them both 
larvae and adults are parasitized (one can never be sure about information 
in this field; see remarks by Rosen and DeBagh 1977). It is easy to assume 
that thi' host-parasite association originated above ground, and that the secon¬ 
dary adaptation to the subterranean habitat involved also a parallel adaptation 
of the host-parasite association. In this aspect Lecavopsi* formicarum repre¬ 
sents a step in such succession. 

No doubt biochemical and physiological aspects play the major role in 
any host-parasite associations (discussed by Rosen and DeBacii, l.c., under 
“host suitability” or “physiological selection”). A rather sparse investigation 
into the chemistry of coccids (reviewed by Banks 1977) provided some useful 
taxonomic information, but none indicated any basic differences between 
the Orthezioidea and Coccoidea. In spite of the lack of evidence we may expect 
the existence of such differences because of the supposed very long independent 
evolution of these groups. 

There is another important point concerning the subject under discussion. 
The aphids, like coccids, arc represented by two groups: the more primitive 
Phyllojceroidea and advanced Aphidoidea. While the latter, with one possible 
exception, are attacked by parasitic wasps, the former are not (IIkie 1907, 
Rosen and DeBach 1977), thus, the conditions are exactly the same as in the 
scale insects. I do not know how (and whether) this phenomenon is interpreted 
in the aphids. In any case 1 , Heie associates the Phyllojceroidea with the gymno- 
sperms from their very origin, and a possibility that this group could originally 
have lived in forest litter has not even been mentioned. 

At the end of this chapter let us see what hymenopterologists say on the 
origin of the host-parasite association in the Chalcidoidea. TnjAPiTZlN (1979) 
discusses this question with respect to the Encyrtidae which include the ma jor 
part of coccid parasites. 

Among 493 genera (2900 species) the host-parasite relations are known 
in 273, i.e., in 55% of genera. Within the latter, 181 genera (70%) parasitize 
Homoptera: 170 develop in coccids, 9 in psvllids and 5 in cicadas. The remaining 
30% of genera are associated with 8 other insect orders and with Acarina and 
Araneina. 

According to Trjapitzin the primary hosts of the Encyrtidae were the 
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Homoptcra and among them, to all likelihood, the scale insects. Aleyrodinea 
and Aphidinea are not attacked by encyrtids. The parasites of Psyllinea belong 
to a specialized and relatively young group the ancestors of which apparently 
parasitized the coccids, while those of the Auchmorrhyncha are primitive and 
perhaps very old. However, Trjapitzin does not discuss the question whether 
the Auchenorrhyncha acquired the encyrtids from the Corcinea , or reversely, 
neither he suggests a parallel and independent origin of these parasitic associa¬ 
tions, although such possibility seems to be likely. 

The second step of parasitic associations of the encyrtids is the parasitism 
on predators of scale insects, which belong to at least 10 families of different 
orders, and secondary parasitism, mainly on Chalcidoidca. The third step of 
adaptation includes parasitism on plants and eggs. The parasitism on predators 
is of particular significance in understanding the evolution of the host-para¬ 
site associations because it brings into light that the ecological relationships 
play a major role, in comparison with phyletic relationships, in the origin of 
parasitic associations. Thus, the parasitism of the Eneyrtidae indicates, once 
again, that some basic ecological differences must have existed between the 
Coccoidea and Orthezioidea since the former are, while the latter are not para¬ 
sitized by these wasps. 

Within the Coccoidea about f>0 % of encyrtids are associated with the 
Pseudococcidae which (encyrtids) include also the most archaic forms. Answering 
the question of the potential parallel evolution of encyrtids and coccids Trja¬ 
pitzin noted that in some groups such parallelism might have been observed, 
but he refused from an attempt of its outlining because of “unsufficient data 
on the existence of parasitic associations between encyrtids and the most 
archaic superfamily of coccids — the Palaeococcoidea ” ( — Ortliezioidea). 


XIII. GALLS 

Endosymbiosis and parasitism show one common character — the older, 
the more elaborated and harmonious they are. Very little is known of the inter¬ 
actions between scale insects and their hosts, but what is known, indicates 
that the coccids are young parasites. 

One of the most important aspects of parasitism is the host-parasite immu¬ 
nological interaction. As concerns the scale insects, Miller and Kosztarau 
(1979 and literature records quoted here) say: “It is not uncommon to find 
a heavy infestation on one of the two plants of the same species growing side 
by side and a light infestation on theother plant. Likewise, a plant may be suscep¬ 
tible to scale infestation one year and immune the next,” etc., etc. (population 
retardation by natural enemies is not disregarded in these observations). It 
means that the immunological balance reached rather a low level in the liost- 
coccid association. 
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The phenomena mentioned above are difficult to study, but gall-producing, 
one of t he most striking feature of the host-parasite interaction, is easy to be 
observed. In spite of this, only brief notes on this subject, may be found in the 
coccid literature. The reason is very simple: most of the coceidologists have 
never seen true galls produced by scale insects. Of about 120 species of the 
Polish coccid fauna there is one (Acanthococcus devoniensis) which causes slight 
deformat ion of twigs of its host (Erica) and 3 species of Asleralecaniidoe which 
cause the generally known shallow pits on the host twigs, while numerous 
aphids form, often species-specific, galls. Similar conditions supposedly occur 
also in other geographic zones except Australia, New Zealand and South Ame¬ 
rica. (JtuxAN (1983) recognized about 80 species (in 13 genera) of Australian 
coccids (about 500 species recorded) which produce galls, most of them being 
species-specific (pit-galls have not been considered), while llov (1902) several 
gall-makers of the Eriococcidae from New Zealand. 

Beside (a) the restricted zoogeographic area, three other phenomena are 
characteristic of the coccid gall-producing: (b) most of the gall-makers are 
erioeoecids or closely related groups, (c) most of the galls are produced on 
Eucalyptus (Gulj.AN mentions 5 other hosts in Australia), and (d) the gall-inha¬ 
biting coccids are significantly modified morphologically. 

I have no particular idea how to interpret the phenomena “a”, “b” and 
“c”, except that, there is coincidence of “a” and “c” — Eucalyptus is restricted 
to the. Australian Region — and that perhaps some physiological features of 
this plant are responsible for the gall formation. As concerns point “b” it may 
be noted that the erioeoecids arc the most expansive group among the scale 
insects. They radiated into numerous forms which retained basic orioeoccid 
characters (radiations at generic level) ami gave rise to the origin of a number 
of families which occupy various ecological niches and also geographical zones. 

With respect to point “d” I may present the. following interpretation. 
Normally, the galls serve as houses in which the insects grow and develop, but 
in some time and by any means they leave the galls to reproduce and/or change 
the host. If they reproduce within the galls, they do it only partenogenetically. 
Tn the scale insects the adult female does not leave the gall but modifies her 
body (elongates the abdomen) to enable the mating. Similar modification 
occurs in the male (Gullan 1983). In this way not only the larvae and adult 
females, but also the eggs (except first instar clawlers) remain within the galls. 
Wo must assume that the principal reason for tliis behaviour was the lack of 
wings in the female of the ancestor that had to become a gall-maker Thus, 
once again we come to the conclusion that, the lack of wings in the coccid female 
is not a result, but. a reason of the sessile behaviour. 

In addition to true galls that are a result of physiological interaction the 
scale insects inhabit various pseudogalls (Xylococcns, Kuwania, Neosteingelia, 
Knwauina, Beesonia, etc.). In this case the insects become concealed by means 
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of a normal growth of the host tissues. However, morphological and behavioural 
modifications .also occur in these eoeeids and sometimes are even more curious 
and elaborated that in true gall-producers, for instance in Beeson ia (Koteja, 
TjINIOWSKA 1971). 

Based on the host-parasite immunological balance, and particularly on 
the gall-production, which is significantly limited with respect to distribution, 
host plant, number of gall-makers and their taxonomic membership, as well 
as structural diversity, we may conclude that the scale insects are young gall- 
producers and certainly also young plant parasites. 

Finally, it may be added that the origin of Eucalyptus , the main host on 
which galls are produced, is dated as Oligocene (Hoy 1902 and records mentioned 
here) while IIeie (1967) dated the origin of the hetorogony in Adelgidae as 
Permian. Gall-formation might have evolved in this group much later, and 
Eucalyptus might have appeared much earlier, but also in this case there is 
a difference of many millions of years between the origin of gall-producing in 
the aphids and coccids. 

XIV. THE COCCID PARASITIC STRATEGY IS MAINLY DEFENSIVE 

The Homoptera, except scale insects, are flying animals. Some groups 
share flying with jumping. Psyllinea and Aleyrodinea insert the eggs within 
living plant tissues. In both the groups the larvae are sedentary, in contrast 
with the adults which are active. In the latter group the last portion of the 
fourth stage plays the role of pupa. The Aphidinea developed complicated 
heterogony cycles associated with host change and viviparity. An aphid female 
may give birth to dozens of larvae, the mass of which equals the female weight 
every 2 or 3 days. Aphids and other Homoptera may give yearly numerous 
generations. All Homoptera may live on perennial as well as on annual hosts. 

The coccids rarely are viviparous; the mass of progeny (eggs) never exceeds 
that of the female; there is one, rarely two or three generations per year; the 
dispersion and host finding are passive by means of the first stage crawler; 
host alternation or change of place of sucking to feed on a more abundant 
source of food (or more complete diet) are impossible or greatly limited in the 
scale insects; annual plants are excluded from the host list, etc; but the scale 
insects developed elaborate chromosome, symbiotic and protecting systems. 

We may sec from t he review of the differences between scale insects and 
other Ilomoptera that most of the parasitic devices developed by the aphids, 
aleyrodids and psyllids have an offensive character, while those of the coccids 
are mainly defensive; and are brought about by the lack of wings, ft is very 
unlikely that any insect plant parasite might have completely resigned from 
the advantages which arise from the flying ability. 
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XV. A NON-EXISTING PROBLEM 

I am quite aware that any hypothesis is proved only when it fits all availa¬ 
ble evidence. However, I could not find any proper placement for Hit 1 gynmo- 
sperms in the conception presented in the paper. 

It would be difficult to analyse all the cocci ds living on gyrnnosperms, 
but Hoy (11)02) was perhaps not right assuming that nowadays not a single 
group at family level is associated exclusively with these plants; for instance, the 
Matsucoccidae and Pityococcidae are. One may answer that they are not families 
but subfamilies or so, but it does not matter. In fact, the association of the 
mentioned groups with gyrnnosperms is not of much help in understanding 
the evolution of scale insects. 

Concerning the species level, there is a number of cocckls in many genera 
and families associated with gyrnnosperms, but for the evolution of the whole 
group it is without any significance. To assume the gyrnnosperms as primary 
hosts of those species we should also believe that all the evolution of scale insects 
up to the Quaternary followed on gyrnnosperms, which is nonsense. 

Similar conclusions arise from the analysis of the generic level. For instance, 
there are few genera of Coccidae associated exclusively with Comferae. Nemo - 
lecanium (concerning both male and female) is close to Enlecmium . In Physo- 
kermes the male is similar to Enlecanium , but the female is extremely specialized 
(anal plates are absent in adult stage). It is unlikely that any of the two ge¬ 
nera might have been ancestors of the Coccidae . Much more interesting is the 
genus Toumeyella in that most species feed on Pi mix, but some on Magnolia - 
oeae . I do not remember whether anybody has ever thought this genus to be 
ancestral. 

Among the more generalized scale insects some feed exclusively on gymno- 
sperms and some guesses concerning their evolution may be discussed. For 
instance, Marchalina (Coelosiomidiidae) might have given rise to Pityococcus 
and Desmococcus (Pityococcidae) and they, in turn, to Matsueoccus ( Matsucoccidae). 
This sequence represents a gradual simplification of the female preadult stage 
(McKenzie 1942). At some points of this sequence the genera Steingelia , Xylo - 
coccus , Neosteingelia , Kuwania and their relatives might have been derived 
and transited on angiosperm trees. The problem is that some of these genera 
are supposed to be closely related with the Margarodinae (sensu Morrison) 
which are hypogeic and infest herbaceous plants. On tin* other hand, Miller 
(1983) dissociated all the above mentioned coccids, among others, he placed 
Pityococcw s*, together with Phenacoleachia , close to the Pscudococcidae . At. 
this point we must leave the questions of primary host unanswered. However, 
there are some more general problems. 

Coccidologists, who believe that the scale insects originated and evolved 
with the angiosperms, must answer why these insects have not attacked the 
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gymnosperms (which were present at that time) until now when those plants 
have become “secondary” hosts, i.e., by acquiring the coccids from the angio- 
sperms. Those who believe that the scale insects evolved in the Permian 
must answer the same question — gymnosperms have been present since the 
Carboniferous. 

As we can see it is the same problem as with the coccid-chalcidoid associa¬ 
tion: the older members of the scale insects were not attacked by the parasitic 
wasps. I answered the question that for some ecological reasons the archaic 
coccids were “not accessible” to the Hymenoptera. Now we may give the same 
answer: the gymnosperms were not accessible for some reasons to the scale in¬ 
sects. As suggested by Laksson (1978) all gymnosperms have produced resin 
from their very origin. Possibly, this was the barrier too high to be overcome 
by the archaic coccids. 

However, there is another solution: maybe, the problem of the “primary 
host” is non-existing, and such a question should never be asked. It is very 
likely that the impression that the scale insects form numerous, close and “appa¬ 
rently primary” associations with the angiosperms, whereas sporadic and at low 
taxonomic level, thus “apparently secondary” associations with the gymno- 
sperms, arises simply from the absolute numbers of coccid species and groups 
without realizing proportions between gymnosperm and angiosperm plant 
species. I am unable to make such calculation for the world fauna; in Poland 
the relations are as follows: 

There are 11 native gymnosperm species in 3 families and about 2,100 
angiosperm species in about 100 families (Szafeu et al. 1953). Among the 125 
native coccid species 17 infest exclusively gymnosperms, 103 angiosperms, 
at least 2 species both these hosts and 3 species live on decaying plant material, 
in litter, etc. (IvAWECKr 1985). It means that each gymnosperm species is infest¬ 
ed by 1.5 coccid species, while each angiosperm species by 0.05 coccid spe¬ 
cies! With respect to plant families, 4.3 coccid species infest one gymnosperm 
family, in angiosperms this relation is 1:1. Furthermore, all gymnosperms 
in Poland are infested by coccids, while perhaps no more than half of the angio- 
sperms. I suppose that similar calculation for the world fauna will reveal appro¬ 
ximate results. The figures indicate that the scale insects definitely prefer 
gymnopserms to angiosperms! A proper analysis may also reveal that close 
(exclusive) associations between coccids and their angiosperm hosts at a higher 
taxonomic level are relatively (!) extremely rare, in any case, not more frequent 
than with the gymnosperms. 

Preliminary examinations of the Baltic amber coccids indicate that more 
than half of specimens and species were exclusively associated with gymno¬ 
sperms, but it is quite possible that all lived on these hosts (Koteja 1984), 
while LarsSON (1978) records 33 gymnosperm species and 96 angiosperms 
in the Baltic amber flora, among which Fagaceae (oaks), Lauraceae, Magnolia- 
ccae, Myricaceae and others were numerous and, particularly the oaks, very 
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abundant. It is obvious that coccids infesting the mother plant of the amber 
(Pinitcs succinifera) had a better chance to be embedded in the resin, but even 
considering this evidence, the coccid fauna associated with gymnosperms 
seems to be more abundant than that infesting the angiosperms. 

Aphidologists have not even the slightest doubt that the gymnosperms 
might not have been the primary hosts of the aphids (Heie 1907). Let us see 
what the host-parasite associations are like in the Polish aphid fauna. Szel$- 
GIEWICZ (1909) listed 591 species, i.e., about 5 times more than in scale insects; 
38 species live exclusively on gymnosperms, 549 on angiosperms and 4 share 
both the hosts, i.e., 0.5%, 93% and 0.5% respectively. In coccids these rela¬ 
tions are 14%, 83% and 2% (2% living in turf and forest litter). Nine aphid 
genera live exclusively on gymnosperms, and also nine coccid genera show 
exclusive associations with these hosts (!); one aphid genus shares both gymno¬ 
sperms and angiosperms, while five coccid genera do it! 

Psyllids and aleyrodids are as old as, or older than, aphids and coccids, 
but nobody asks where they were living and feeding on before the appearance 
of angiosperms; it seems likely that they are now associated exclusively with 
angiosperms. Two conclusions arise from the above discussion: (a) the associa¬ 
tions of coccids with gymnosperms are much closer than in any other group 
of Sternorrhyncha , and (b) our views on the evolution of scale insects with res¬ 
pect to the “primary host” require fundamental revision. 

There is another important evidence in the host associations of coccids. 
Numerous specialized coccids (Parthenolecanium corni , Lepidosaphes ulmi f 
Quadraspidiotus perniciosus , Chionaspis solicit) infest hundreds of plant species 
of a variety of families, including gymnosperms. On the other hand, primitive 
coccid species ( Phenacoleachia , some Monopldebidae, Ortheziidae , some primi¬ 
tive Pseudococcidae) feed on both gymnosperms and angiosperms, on mono- 
cotyledones and dicotyledones, on herbaceus and woody plants. It seems likely 
that the taxonomic position of the host was not of particular interest for the 
ancestral coccids, as it is not for some specialized forms. Furthermore, associa¬ 
tions of coccids with particular plant species seem to be very rare, if they exist 
at all. 

All this indicates that the scale insects, although phylogenetically an 
old group, are young plant parasites, and that they have transited from “any¬ 
where” to both gymnosperms and angiosperms being already diverged into 
several branches. 1 guess the “anywhere” was the forest litter. 


XVI. POSITIVE ARGUMENTS 


All the arguments presented in the paper are “negative”, i. e., it has been 
shown and emphasized what is “impossible”; for instance, that the loss of 
wings in coccid female cannot be a result of parasitism, etc. 
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To give positive arguments for the hypothesis under discussion one should 
demonstrate that (a) the scale insects may feed on non-living material, and 
that (b) at least some coccids continue the primary feeding behaviour and/or 
live in the primary habitat. 

As concerns the first question it may be said that attempts have been 
made to keep scale insects on artificial diets (Hafez et al. 1971) and that some 
species (Newsieadia floccosa) may be bred on decaying leaves (Schumtterer 
1952, Buchner 1965). Another instance is provided by the curious behaviour 
of Hippeococcus . As suggested by Buchner (l.c.) this mealybug lives on plants, 
but to produce progeny it must be fed by ants. The author supposes that, 
like in the case of the aphid Paracleius , Hippeococcus “takes up liquids from 
the mouth of the ants with its snout, the tip of which is supported by the mandi¬ 
bles of the ants during the feeding process”. 

With question (b) it must be noted that there is a remarkably large propor¬ 
tion of species living under, on, or in some other close contacts with the soil. 
Of 125 native species in Poland, 5 live on roots, 7 on other underground plant 
parts, 5 on plant parts close to the soil, 20 in leaf sheaths of grasses just above 
the ground; together 41 species, i.e., one third of the fauna. The remaining 
species live oil various above-ground plant parts, but some prefer the parts 
which are close to the soil (Quadraspidiotus bavaricus , Spinococcus calluneti , 
AUococcus vovae , etc.). 

Some species spend all their lives in an underground habitat ( Ortheziola , 
Euripersia, Chnaurococcus , etc.), others only partly. In most cases the larvae 
live in underground habitat, but mating and oviposition take place above the 
ground ( Porphyrophora , Steingelia , Lecanopsis). Few r species ( Orihezia iniicae) 
feed on aboveground plants, but hibernate in the soil (Kohler 1983). 

In some instances the underground habitat is evidently of secondary origin 
(Leva n ops is, Chnaurococcus , etc.) but in many others the primary habitat and 
life behaviour might have been exactly the same as those of the recent species 
and the evolution as well as radiation might have followed all the time in these 
conditions. I do not suppose we should necessarily assume that Steingelia, 
Margarodes or Pliizoecus primarily lived on stems, twigs or leaves and then 
“secondarily” acquired an underground habitat. 

Of particular interest are the Ortheziidae. Species of some genera (Ortheziola) 
constantly live in turf without “visible” association with any plants. Neicsteadia 
floccosa lives in decaying plant parts in forest litter, but once I met an abundant 
colony on leaves and twigs of Achillea millefolium. Mixorthezia and Nippon - 
orihezia live in humus, detritus, etc. (Morrison 1982, Bichard 1979). The same 
has been observed in some Orihezia and Arciorthezia. Species of this family are 
all their lives (except pupal instar) moving, have numerous primitive morpholo¬ 
gical features, bacteroid endosymbionts, but may live symbiont-free, have 
a primitive chromosome system, a wwld-wide distribution, etc. 

Borchsenius (1958) considered the Ortheziidae to be most primitive and 
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ancestral of all Coccinea. Danzig (1980) regards this group as a minor side-branch 
which did not play any significant role in the phytogeny of the scale insects. 
This may be true, but the life behaviour is undoubtedly primitive and demon¬ 
strates how the ancestral scale insects might have lived in the prehistoric times. 


XVII. INTERRELATIONSHIPS 


All possible relationships were suggested between the PsyUinea , Aleyrodi- 
nea, Apliidinea and Coccinea , but recently aphids have been largely accepted 
as the sister group of the scale insects. However, the arguments for this opinion 
are rather poor. 

Schlee (1969) basing on Sphaeraspis priaskaensis, recognized 7 syn- 
apomorphic characters of aphid and coccid wings. Szelijgiewicz (1971) rejected 
4 of them, but added 2 more, thus 5 remained as synapomorphic in aphids and 
coccids. However, 2 of them may hardly be accepted by coccidologists, while 
3 others not at all. Hennig (1980) agrees with the aphid-coccid sister group 
conception, but on another occasion he says: “... the venation of most recent 
Sternorrhyncha is so reduced that it can be derived from almost all other vena¬ 
tion, even though only slightly more primitive”. 

Theron (1958) stated that male Margarodcs is much closer to Aphis than 
to other Sternorrhyncha (wing features have not been considered). Beardsley 
(1968) suggested a close relationship of Matsncoccus with Orihezia and Aphis, 
but not with Margarodes. Morrison (1928) considered Matsncoccus and Marga¬ 
rodcs to be primitive, but Koteja (1974a) as most specialized among the gene¬ 
ralized coccids. At the same time Aphis is believed to be very young, thus spe¬ 
cialized (Heie 1967). I do not think that such comparisons will be conclusive. 

With the females matters stand even worse. Irrespective of the way (neo- 
teny or larvalization) in which the females became larviform, and acquired 
numerous autapomorphic characters) they must be very different from the 
ancestors, and it is little hope that many synapomorphies may be found in 
coccid females and aphids. 

On the preceding pages attempts have been made to prove the concep¬ 
tion that the stemorrhynchan primary habitat was the forest litter and that 
the coccids were the last to have toft it. Now the question arises what was the 
sequence of the exodus of other Sternorrhyncha. Answering this question we 
must realize that the evolution took partly place in the primary, and partly 
in the secondary habitat, and that, if the conception is right, the proportions 
of these parts should be different in each group. Thus, the group which was the 
first to have left the forest litter was the one wliich combined the “most” primi¬ 
tive characters, i.e., primary features unchanged during the short stay in the 
original habitat, with the “most” specialized and fixed characters acquired 
and stabilized during the tong life in the secondary habitat. And reversely, 
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the group which has remained very long in the primary habitat, should share 
divergent and fixed primitive characters with “primitive” and unstable spe¬ 
cialized characters. 

It has been shown that the latter case applies to the scale, insects. They 
share numerous “specialized” primitive characters (one tarsal claw, one-seg- 
mented tarsus, apterism in female, dipterism in male, etc.) all being well 
fixed, with unstable and “primitive” specialized characters (diversity of male 
structure, chromosome systems, endosymbiotic devices, variable number of 
larval stages, low degree of immunological balance, and so on). 

Rased on this reasoning the following sequence may be suggested for 
the Sternorrhyncha: Aleyrodinea , Psyllinea, A p hid turn, Coceinea. This is only 
a suggestion which should be proved in detail, however, it is remarkable that 
a similar sequence of groups follows from the number of recent species: 200, 
1,500, 2,000, 3,000 (according to IIENNIG 1980), or 1,150, 1,250, 3,000, 5,000 
(according to Strumpel 1983). 


XVIII. CONCLUSIONS 

1. The evidence presented in the paper demonstrates that the phytogeny 
of the scale insects occurred within two stages clearly different concerning 
habitat, feeding behaviour and, consequently, evolutionary trends. 

2. In the first stage, from the splitting off from the homopteran stock 
(Carboniferous or Permian) to the appearance of flowering plants (Jurassic), 
termed here “prehistoric times”, the scale insects lived in the forest litter on 
“mixed” diet; they were sucking out various plant saps from the surface and 
from the living and decaying plant tissues. 

3. In that time the scale insects acquired the most characteristic features 
which principally determined the future evolution. The leg became a digging 
organ (one claw, one-segmented tarsus, functional tibiotarsal joint); the females 
irrevocably lost the wings and became larviform; the males became unfeeding, 
dwarf-like, dipterous and polymorphic; the paurometaboleous development 
changed in that female larvae lost the wing buds, while the last male larval 
instars became unfeeding resting stages with enlarged wing buds. Eventually, 
the scale insects diverged into numerous group in that time. 

t. In the second stage of evolution, from the appearance of flowering 
plants up to the present, the evolutionary trends radically changed: the coccids 
became true plant parasites. Most groups started to climb the plants. Supposedly 
the first to have done it were the Coccoidea, thus they became victims of para¬ 
sitic Hymenoptera. Each of the group settled and elaborated its own endosymbio- 
tic system, thus the symbiosis in coccids seems to be “polyphyletic”. Ungual 
and tarsal digitules have been developed as clinging organs. 

5. The transition from the primary to the secondary habitat and belia- 
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viour followed during a long period of time and independently in various groups; 
as a result, the level of specialization in the recent scale insects is extremely 
differentiated. Some groups supposedly still continue the primary mode of 
life. 

0. The range of specialization of coeeids as plant parasites was greatly 
limited by the absence of wings in female and the fragility of male. The speciali¬ 
zation was directed towards a sessile life behaviour: the coccids developed 
a variety of protecting systems with simultaneous reduction of locomotion 
ability. These systems involved deep structural modifications of the female 
body (including diminution and hypertrophy) and development of various 
integumental glands and devices for honey-dew ejection. Various complicated 
and elaborated cytological and hereditary systems originated as a kind of 
replacement of the degeneration of male. 

7. Among the Hovioptera the scale insects retained for the longest time 
the habitat and life behaviour of the ancestors. Thus, they share primitive 
characters of the homoptoran ancestors, many and important modifications 
to semi-hypogeic and semi-saprophagic life behaviours with features of extreme, 
and sessile plant parasites. This evidence is responsible for their peculiarity. 
On the other hand, since the radiation occurred in various stages of evolution 
(before and after the transition to parasitism), the scale insects became extre¬ 
mely diversiform. 
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STRESZCZEXIE 

[Tyfcul: Rozwazania n prehistorii czerwcow ( Homoptera , Cocci oca)] 

1. Budowa czerwcow, ich tryl) zycia, rozwoj, rozrbd, endosymbioza, 
determinacja plci itp. wskazuj%, ze filogeneza tej grupy owaddw dokonala 
xifc w dwoch ctapach rdzni^cych si^ srodowiskiem zycia i sposobcm odzywiania 
oraz, konsekwentnie, tendencjami ewolucyjnymi. 

2. W pierwszym etapie (czasy “prehistoryczi ic”), od wyodr^bnienia zo 
wspblnego piiia j)luskwiak6w rownoskrzvdlych (Karbon lub Perm) do pojawu 
roSlin okrytozal^zkowych (Jura) czcrwce zvly w sciolce lesncj i odzywiaty sic 
roznymi plynami pobieranymi z powierzchni, jak i z zywych i obumarlych 
tkanek roslinnych. 

3. \V tym czasie czcrwce uzyskaly najbardziej eharakterystyczne dla 
liich wlaseiwosci, ktore zdetcrminowaly rowniez dalszq ich cwolucj^. Nogi 
staly si§ organami grzebnymi (jcdcn pazurek, jednoczlonowa stopa, funkcjo- 
nalnc pol^czenie stopy i goleni). Samice bezpowrotuic utracily skrzydla, przyj- 
muj$c postad larwaln^. Samce skarlaly, utracily zdolnosc do odzywiania, staly 
si? dwuxkrzydlo i ])olimorficznc. Paurometaboliczne przeobrazenie uleglo mody- 
fikacji w ten sposob, ze larwy zeriskie utracily zal^zki skrzydel, a ostatnie 
stadia larwalnc m?skie przeksztatcily si? w stadia spoczynkoweo duzych zawi^z- 
kach skrzydlowych. W tym czasie nast^pila tez picrwsza radiacja czerwcow. 

4. W drugim etapie ewolucji, od pojawu rofilin okrytozal^zkowych do dzi- 
siaj, tendencje evolucyjne radykalnie si? zmienily — czcrwce staly si? pasozy- 
t a mi roslin kwiatowych. Wi?kszosc zacz?la si? wspinac po roslinach, w zwi^zku 
z tym wyksztalcily si? paluszki na stopie i pazurku jako organy zast§puj^ce 
]>rzylgi. Prawdopodobnie najpicrw proccs ten zacz^l si? u Coccoidea , dlatego 
padly one ofiar^ pasojfcytniczych blonkowek. Kazda z grup wypracowala sw6j 
wlasny system endosymbiotyczny, stqd symbioza u czerwcow robi wrazenie 
polifiletycznej. 

5. Przechodzenic do pasozytniczcgo try bn zycia na roslinach kwiatowych 
bylo rozeiqgni?te w czasie; w rezultacio poziom specjalizacji jest bardzo 
rozny w poszczegolnych grupaeh czerwcow, a niektore z nidi, np. Ortheziidae, 
prawdopodobnie kontynuuj% tryb zycia przodkdw czerwcow* 

0. Zakres specjalizacji czerwcow jako pasozytow roslin byl powaznie 
ograniczony brakiem skrzydel u sarnie i degeneracj^ sameow; zostaly one 
zmuszone do wyboru osiadlego trybu zycia i w zwi^zku z tym wyksztalcily 
szereg skomplikowanych systemdw obronnych. Systemy tc poci%gn?ly za sobq. 
daleko id%c% modyfikacj? ciala sarnie, zmniejszenie wymiarow lub hypertrofi?, 
rozwoj licznych typow gruezolow skdrnych i specjalnych urz^dzeri do wyrzu- 
cania spadzi, ale rdwnoezesnie powodowaly dalszq. utrafc? zdolnosci ruchowych. 
Degeneracja sameow byla bodzeem do wyksztalcenia wielu typow przekazywa- 
nia genow i determinaeji plci, z obojnactwem wl^cznie. 
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7. Nalozenie na siebio przystosowaii do zycia na dnic lasu, w ktorvm 
czerwce przebywaly dhizej niz iiinc pluskwiaki rbwnoskrzydle, i przystosowan 
do pasozytnictwa na rosJmacli kwiatowyck, zadecydowalo o szczegblnych 
cechach tcj grupy owadow. Natomiast okoliczno,4<$, zc znaczna cz^d radiacji 
dokonala si$ jeszcze w pierwszym ctapie ewolucji (na dnic lasu), i zc poszezc- 
golne grupy przecliodzily do nowego srodowiska niezaleznie i w rdznyni czasic, 
jest przyczyn^ duzcj roznoroduosci wsrod czcrwcow. 

Powyzsze stwicrdzcnia lnaj^ charakter hipotez, a celem pracy byla proba 
ich potwicrdzenia. 


PE3K)ME 


[3arjiaBnc: PaccyxcAemisi o npCAHCTopHH hcpbcuob ( Homoptera , Coccinea)] 

1. CrpoCHHC HCpBCUOB, MX o6pa3 XCM3HH, paiBHlHC, pa3MHO)KCHHC, 3HAOCHM6 m 03 
AcrcpMHiiauiifl nojia m t. n. yxaibiBaioT na to, hto (J)i!JioreHC3 3TOH rpynnbi naccKOMbix 
npoineji ABa 3Tana, oTAHHajoinaecH cpcAoii oGnTamiH h cnoco6oM niiTamiH, a TaKxce, 
nOCJieAOBaTCJlbHO, 3BOA!OUHOHHblMH TCHACHUMBMli. 

2. Ha nepBOM ^Ta^e(,,AOliCTopnHecKHH ,, nepnoA) — ot otacachmh or o6mero ctboab 
piBHOKpbl-lblX XOOOTHbIX (Kap6oH 1IAH HcpM) AO nOHBAeHMH nOKpbITOCCMCHHblx pacie- 
HHH ( KDpa) — MCpBCAbl /KHAH B ACCHOH nOACTIIAKC M nUTBAHCb pa3AHHHblMH 5KHAKOC1AMH, 
ITOrAOLUaCMblMH KaK C IIOBCpXHOCTH, TUK 11 H3 /KMBbIX H MepiBbIX pacniTeAbHbIX TKaHCH. 

3. B 3i ot nepnoA nepBeubi npHoGp.'AM HanGoAee xapaKiepnbie aah mix oco6chhocth, 
Koropwe npCAonpc acjihah Taxwc hx AaAbHefmjcc tboaiouiiouhoc pu3bhthc. Horn npc- 
BpiTHAHCb b opraHbi, npitcnoco6AeiiHbie aah pa3rpcGamiH (oahh KoroTOK, oahohachhc- 
Taa ciona, ({lynKuiioiiaAbiioc cocahhchhc CTonbi h toachh). CaMKH 6c3B03BpaTHO yrpa- 
THAH KpblJIbH, FlpHHHMaJl BHA AHWHHKH. CiMllbl M3MCAbHaAH, yipaTHAH CnOCoGHOCTb 
iut raibCH,CAeAaAHCb AByKpbiAbiMH h noAMMop<J>HbiMn. HacTynnAa MOAn^uKamifl naypo- 
M'ia 60 AHH t 3aKAK)MaiOIUlflC>l B TOM, HTO ACHCKlie AHHHHKII yipaTHAH 3aHai KH KpblAbCB, 
a nocASAHwe MyxcKHe AHHHHOHiibic ctbahh npcBpaniAiiCb b (JiopMbi b coctohhhh noxoa, 
c GoAbiiiiiMH 3anaTKaMH KpbiAbeB. B 3 to BpeMH npoHiouiAa raK/Ke nepBaa paAHamiH 
HCpBCUOB. 

4. Ha BiopoM 3Tane 3boak>hhh — ot tiohbachhh iioKpbiToceMCHiibix pacremiH ao 
HaCTOflLUerO BpCMCHH — 3BOAK)UHOHHbie TeHACHUHH H3MeHMAHCb KOpCHHblM 06pa30M — 
McpBCUbi ripeBpaiHjiHCb b napa3HTOB ubctkobbix pacTCHHH. BoAbuniHCTBo HanaAO b36h- 
paTbCH no paCTCHHBM, B CBHJII C 4CM CC|)OpMHpOBaAHCb naAbHHKH Ha CTOI1C to KOrOTKH 
k*aK opraHbi 3'jmchhioluhc npMcocKH. rio-BHAHMOMy, 3tot npouecc nanaACB cHanaAa 
y Coccoi(lea y no3roMy ohh cACAaAiicb /KCpTBaMH napa3HTHHCCKMX AByKpbuibix. KawAaa 
rpynna Bbipa6oraAa cbok) coGcTBCHHyio cwcreMy 3HAOCHM6M03a. B cb«3h c 3thm chm- 
6h03 y HCpBCUOB npOH3BOAHT BnCHaTACHHC nOAH(J)MAeTHHCCKOrO. 
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5. riepexoA k rrapa3HTH4ecK0My oGpaiy vkihhh na ubctkobbix pacTCumix GbiJi pac- 
THHyi bo BpeMCnvi; b pe 3 y;ibTaTe aioro ypoBCHb cneuMaAvnaijHH BecbMa pa3JiHHCH b ot- 
AejibHbix rpynnax HepBeuoB. A y nexoTopbix in mix, nanpUMcp, Ortheziidae o6pa3 winmi 
HC H3MCHHJ1CH, BH/IHMO, CO BpeMCHH MX npCAKOB. 

6. ripe^ejibi cneuMajimauMH l iepBCHoB ok napa3WTOB pacTCHMH Gbmvt 3HamiTCjibiio 
orpaHHHeHbi oTcyTCTBHCM KpbiJibeB y caMOK m AereHepauweH ca\moB; ohm Bbrny^K/iciibi 
6bijm m6paTb occAJibiw o6paa khihh m b cbjhh c jthm BbipaGoiarb paA cjioxchmx oGo- 
pOHHTCjibHbix cmctcm. CncieMbi 3 th noB.ieK/ut 3a co6oh AaneKo w;iyumc hjmchchhh 
b CTpoemiH Tejia caMOK, yMCHbiueHiie hjik 4pC3MepHoe yBCjiHHemie pa3MepoB, pa3BHTiic 
MHoro4ncjiennbix TiinoB KOKHbix acejie3 n cnenHaabHbix npHcnocoGjiemiH aah Bbinpbic- 
KMBamiH na^H, ho oahobpcmchho Berni k AaAbHCHUiCH noxepc chocoGhocth k nepe^Bii- 
)kchiuo. Xl.ercHcpau.HJi cbmaob CTHMyjmpoBajia ({jopMiipoBamic MHoriix tiiiiob ncpc^aHii 
reHOB h ACTcpMimanMH noAa, BKjuoHaa repMO(j)poAHTH3M. 

7. <I>aKT, 4to Hajio)KHJiHCb Ha ce6e npHcnocoGjiemiH k hch3hh Ha A«e jieca, r^e HcpBeuu 
npc6biBajm AOJibiue 4eM HHbie paBHOKpbuiwc xoGoTHbie, 11 npucnocoGAemia k napaanTii- 
4CCKo\iy o6pa3y >kh3hh na uBeTKOBbix pacTCHmix, oGycjioBHJi ocoGbin xapaKTcp npn3Ha- 
kob 3toh rpymibi naceKovibix. B ro Bpc\ta, ok (f)iKT, 4ro 3Ha4itTejibHaa nacTb pa/uiannii 
HMejia Mecro cine ita nepBOM 3Tanc 3bojiiohhh (Ha ahc jieca) it 4to oTAejibiibic rpynnbi 
nepexoAHJin b noByio cpcAy HC3aBHCHMo Apyr ot Apyra h b pa3jui4Hoe BpCMH hbjihctch 
npH4HHOH 3Ha4HTejlbHOrO pa 3 H 006 pa 3 HH CpCAH 4CPBCUOB. 

PfojIOHCCHHbie BblUlC TC3HCH HMCIOT nmoTCTH4CCKHH XapaKTCp, a IjeAbK) paGoTbl 

6biAa nonbuo nx noATBep^Aemia. 
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